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        Abstract



        
          Aims:


          To review the use of knee and hip arthroplasty for patients with mucopolysaccharidoses (MPS) to inform clinicians and patients of this emerging area of orthopaedic practice and direct future studies.

        


        
          Patients and Methods:


          An Embase database review was conducted according to Preferred Reporting Item for Systematic Reviews and Meta-analyses (PRISMA) guidelines to identify relevant published articles. Extracted information included demographic data, indications for surgery, surgical details, post-operative outcomes and complications.

        


        
          Results:


          Ten articles reported 15 patients with a total of 5 knee and 20 hip arthroplasties were identified and included. The mean age was 28.3 years and mean follow up duration for knee and hip arthroplasties was 3.6 years and 5.1 years respectively. Indications for surgery included pain in all patients, reduced range of motion, genu valgum and joint instability. Complex arthroplasty techniques were required including extensive soft tissue releases, instrumentation modification, screw fixation and modular/dysplasia arthroplasty components. There were four intra-operative fractures in hip arthroplasty patients and one hip arthroplasty underwent revision due to loosening. Pain resolution was documented for all knee arthroplasties and 90% of hip arthroplasties, whilst complications occurred in 9/20 (45%) of all arthroplasties.

        


        
          Conclusion:


          Arthroplasty surgery in this rare patient group can be successfully performed for pain relief and improvement in function with careful pre-operative planning and multidisciplinary management. Treating teams should be encouraged to share their experience to contribute to our understanding of indications, technique and outcomes for arthroplasty procedures in MPS patients.
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      1. INTRODUCTION


      Mucopolysaccharidosis (MPS) [1] has long been a life-limiting disease, but recent medical advancements have resulted in remarkable changes in prognosis. MPS, a form of lysosomal storage disease, is caused by deficiencies of enzymes involved in the breakdown of glycosaminoglycans (GAGs) [2].GAGs play an important role in cell biology, and signalling pathways and impairment of these molecules lead to multisystemic involvement with a range of somatic, neurologi-cal, haematological, and ocular symptoms [2]. There are seven major types of MPS (MPS I – Hurler syndrome, MPS II – Hunter syndrome, MPS III Sanfilippo syndrome, MPS IV – Morquio syndrome, MPS VI – Maroteaux-Lamy syndrome, MPS VII – Sly syndrome, MPS IX – hyaluronidase deficiency). The syndromes are differentiated by their associated enzyme deficiency and further subtypes, including less-rapidly progressive and intermediate phenotypes such as MPS, IS – Scheie syndrome, and MPS IH/S – Hurler/Scheie syndrome [3].


      The musculoskeletal manifestations involving the hip and knee result from GAG-related dysregulation of connective tissue homeostasis and lead to major issues for the orthopaedic surgeon, such as short stature, skeletal dysplasia, joint stiffness, or hypermobility [2]. Joint stiffness and contractures are found in all forms of MPS except for MPS IV and IX. They can be attributed to defective bone modelling in combination with thickened joint capsules secondary to GAG deposition and fibrosis [3]. Patients may present with swollen, stiff joints but without the signs of local inflammation such as erythema and warmth seen with diseases such as rheumatoid arthritis or juvenile idiopathic arthritis [4]. Short stature in MPS follows GAG deposition in the growth plates, disturbing endochondral ossification. Dysostosis multiplex is the characteristic pattern of skeletal dysplasia described in MPS. GAG deposition in the articular cartilage leads to increased apoptosis of articular chondrocytes through mechanisms including activation of lipopolysaccharide (LPS) signalling pathway and reduced differentiation of the chondrocytes leading to poor mineralisation of bone [5]. The LPS pathway is activated as the GAG accumulation has structural similarities to LPS. Hence the musculoskeletal manifestations of MPS are predominantly targeted toward cartilage formation rather than the bone [4].


      Modern advancements in hematopoietic stem cell transplantation and enzyme replacement therapy have drastically changed prognosis in patients with MPS [6]. With the increased age of patients with this disease and improvement in many systemic manifestations but minimal improvement in the musculoskeletal manifestations, orthopaedic interventions are increasing [7]. Many patients with MPS types I, II, IV, and VI will undergo orthopaedic procedures during their lifetime due to the associated skeletal dysplasia, nerve compression syndromes, and spinal pathology. Common orthopaedic procedures include guided growth surgery, osteotomies, and soft tissue releases [7, 8].


      Arthroplasty is emerging as a procedure in this patient group, as improved multidisciplinary care and systemic therapy mean that patients are living longer, with improved functionality, and seeking a better quality of life [7]. Still, systemic therapies have not been shown to reliably ameliorate joint pathology.


      This study aims to summarize the literature on knee and hip arthroplasty performed in this patient population to provide information for clinicians managing this condition and define the direction for future studies.

    


    
      

      2. MATERIALS AND METHODS


      A literature review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [9]. A search of published literature was conducted in April 2021 by a qualified librarian using the Embase database. Search terms included combinations of “MPS,” “mucopolysaccharidosis,” “arthroplasty,” “replacement,” “hip,” and “knee.” A screening process was then conducted with a review of titles and abstracts. Articles were excluded if they did not include sufficient information or when they were general review articles on MPS (Fig. 1). The initial search identified 22 articles (Fig. 1), of which three were excluded as they reported MPS undergoing cardiac or upper limb procedures [10-12]. Seven general review articles on MPS were excluded, and two articles mentioned arthroplasty but had insufficient information to be included in the final data [13, 14]. The included ten articles reported 15 patients with 25 arthroplasties, 5 knee arthroplasties [15, 16], and 20 hip arthroplasties [17-24].


      Information collected included demographic data (gender, MPS type, height and weight, age, previous treatment), surgical indications (symptoms, physical examination findings), surgical details (approach, prosthesis details, intraoperative and early postoperative complications), and postoperative data (timing of final follow up, function quality of life, late postoperative complications).


      Descriptive statistics were used with normally distributed data, including mean and standard deviation.

    


    
      

      3. RESULTS


      
        

        3.1. Patients


        There were 5 males and 10 females with a mean age of 28.3 years (range 16-43 years). The mean height and weight were 144.8cm and 52.9kg, respectively. MPS type was MPS type IH (2 patients) [17, 18], MPS IS (2 patients) [22], MPS III (2 patients) [23], MPS IV (8 patients) [15, 16, 20, 21, 24] and MPS VII (1 patient) [19] (Table 1). All five patients who underwent knee arthroplasty had a diagnosis of MPS IV [15, 16]. Various MPS types made up the hip arthroplasty group [20, 21, 23, 24]. Five patients underwent unilateral surgery [16-18, 22], and 10 patients had bilateral surgery [15, 19-24]. Pre-surgery 7 patients required small assistance [3, 6, 7, 9, 13, 16, 21-24], 2 patients required mobility aids [23, 24], and 3 patients were wheelchair dependent [15, 17, 20]. Pre-surgery ambulatory status was not reported for 3 patients [16, 18, 19]. Eight studies reported the year of surgery, with the earliest dated 1987 [19].


        
          Table 1 Summary of included MPS knee and hip arthroplasty studies and complications.


          
            
              
                	Study

                	MPS Type

                	Age/Gender

                	Joint, Side

                	Follow-up (Yrs)

                	Complication
              

            

            
              
                	Atinga et al. 2008

                	4

                	22M

                	Knee, R

                	5

                	Severe blood loss requiring ICU admission.

                Acute hepatic transaminitis (no cause identified).
              


              
                	Atinga et al. 2008

                	4

                	22M

                	Knee, L

                	5

                	Peroneal nerve palsy. Recovered in 12 months.
              


              
                	de Waalmalefijt et al. 2000

                	4

                	43F

                	Knee, R

                	4

                	Required vastus intermedius release due to restricted flexion.
              


              
                	de Waalmalefijt et al. 2000

                	4

                	42F

                	Knee, L

                	3

                	-
              


              
                	de Waalmalefijt et al. 2000

                	4A

                	44F

                	Knee, R

                	1

                	-
              


              
                	Gautam et al. 2008

                	1H

                	17F

                	Hip, L

                	8

                	Intra-operative fracture.
              


              
                	Guffon et al. 2019

                	7

                	29M

                	Hip, R

                	4

                	Loosening of stem and cup 4 years post-operation. The limb length discrepancy of the operated leg is 5cm longer.
              


              
                	Ilyas et al. 2017

                	4

                	16F

                	Hip, R

                	15

                	Intra-operative fracture.
              


              
                	Ilyas et al. 2017

                	4

                	16F

                	Hip, L

                	15

                	-
              


              
                	Leonard et al. 2011

                	4

                	26M

                	Hip, L

                	5

                	-
              


              
                	Leonard et al. 2011

                	4

                	26M

                	Hip, R

                	5

                	Intra-operative fracture.
              


              
                	Pietri et al. 2005

                	1S

                	38M

                	Hip, L

                	5

                	-
              


              
                	Pietri et al. 2005

                	1S

                	38M

                	Hip, R

                	5

                	-
              


              
                	Pietri et al. 2005

                	1S

                	43M

                	Hip, L

                	1

                	-
              


              
                	Pryce et al. 2010

                	4B

                	25F

                	Hip, R

                	7

                	-
              


              
                	Pryce et al. 2010

                	4B

                	25F

                	Hip, L

                	7

                	-
              


              
                	Pryce et al. 2010

                	3

                	17F

                	Hip, R

                	5

                	-
              


              
                	Pryce et al. 2010

                	3

                	18F

                	Hip, L

                	5

                	-
              


              
                	Pryce et al. 2010

                	3

                	18F

                	Hip, R

                	3

                	-
              


              
                	Pryce et al. 2010

                	3

                	18F

                	Hip, L

                	3

                	-
              


              
                	Tassinari et al.

                	4

                	29F

                	Hip, R

                	1.6

                	Sciatic nerve palsy. Recovered by the end of the follow-up period.
              


              
                	Tassinari et al.

                	4

                	29F

                	Hip, L

                	1.6

                	-
              


              
                	Tassinari et al.

                	4

                	34F

                	Hip, R

                	1.5

                	-
              


              
                	Tassinari et al. 2008

                	4

                	34F

                	Hip, L

                	1.5

                	Intra-operative fracture.
              


              
                	O'hEireamhoin et al. 2011

                	1H

                	23F

                	Hip, L

                	2

                	-
              

            
          


        


        [image: ]
Fig. (1)

        Prisma 2009 Flow Diagram for including MPS arthroplasty studies 8.
      


      
        

        3.2. Indications for Surgery


        All patients reported significant pain pre-operatively. Of the 15 patients where lower limb alignment was reported, all had genu valgum. Previous orthopaedic surgery was reported for three patients (1 knee, 2 hip arthroplasties) involving both affected and unaffected limbs [16, 17, 19].


        For patients undergoing knee arthroplasty, the pre-operative range of motion (ROM) mean was 136 degrees flexion (SD, 20.7). Instability/joint laxity was reported in 4 knees and not reported in one case [15, 16].


        For patients undergoing hip arthroplasty, the pre-operative extension was reported in 13/20 patients with a mean fixed flexion deformity of 15 degrees (SD, 16.5). Pre-operative flexion, abduction, and adduction range were reported for 11/20 surgeries with a mean of 74 degrees (SD, 17.5), 11.4 degrees (SD, 13.8), and 8.2 degrees (SD, 8.4), respectively. Mean internal rotation (10/20 hips) was 1 degree (SD, 2.1); external rotation (10/20 hips) was 8.1 degrees (SD, 10.2) [18-21, 23, 24]. Of the 15 hips that had preoperative radiographs, the mean caput-collum-diaphyseal angle was 139.7, with seven showing coxa valga [18, 23, 24]. Failure of conservative treatment and/or progression of the deformity was reported in six hip arthroplasties (four patients) [19, 23]. One patient (MPS III) presented with bilateral avascular necrosis of the femoral heads [23].

      


      
        

        3.3. Surgical Details


        A standard midline incision was reported for two knee arthroplasties; however not specified if the approach was lateral or medial parapatellar [15]. The approach was not described for the remaining knee arthroplasties. All knee arthroplasties used cemented components. Extensive soft tissue releases were required in all knee surgeries; however, in one knee arthroplasty, this was limited due to excessive bleeding [15]. All knee arthroplasties used some form of constrained components. Two by Atinga et al. were described as fully constrained, and three by de Waal Malefijt were described as posteriorly stabilised [15, 16]. Intraoperative shortening of the femoral component was performed in two knee arthroplasties using a diamond saw to accommodate the short limb length [15].


        Seven of the 13 approaches reported for hips were posterior [17, 18, 20, 22] and six anterolateral [21, 24]. Of the 19 hip arthroplasties where the use of cement was reported, the acetabular component was cemented in 42% (8/19) cases [20, 23], and femoral stems were cemented in 58% (11/19) of surgeries [20, 22, 23]. The acetabular component size was reported in 12/20 cases with a mean of 45.2mm (range 36-50). The distal component size was reported in 9/12 cases, with dedicated hip dysplasia, short stem, or modular stem designs used in all cases. Screw fixation of the acetabular component was used in 50% (10/20) of cases [21, 22, 24]. Component materials for hip arthroplasty were reported for 13 cases which included metal on metal (1 case) [18], metal on polyethylene (8 cases) [20, 23, 24], and ceramic on ceramic (4 cases) [21, 24]. Intra-operative calcar/proximal femur fracture occurred in 20% (4/20) hip arthroplasty cases [18, 20, 21, 24]. These were all managed with cerclage wire fixation.


        Anaesthetic details, tourniquet use, concomitant osteotomies, and hip soft tissue releases were infrequently reported (Tables 2-4).


        
          Table 2 Summary of prosthesis information and complication data of knee arthroplasty in a patient with MPS.


          
            
              
                	Arthroplasty Component

                	

                	Number of cases (%)

                	Neurological Compromise

                	Fracture
              

            

            
              
                	Approach

                	Midline

                Not reported

                	2 (40)

                3 (60)

                	1**

                0

                	0

                0
              


              
                	Stability of prosthesis

                	Constrained

                Not-constraint

                	5 (100)

                0 (0)

                	1**

                0

                	0

                0
              


              
                	Cemented

                	Yes

                No

                	5 (100)

                0 (0)

                	1**

                0

                	0

                0
              


              
                	Intraoperative prosthesis modification

                	Yes

                No

                	2 (40)*

                3 (60)

                	1**

                0

                	0

                0
              


              
                	Soft Tissue release

                	Yes

                No

                	5, all extensive (100)

                0 (0)

                	1**

                0

                	0

                0
              

            
          


          
            Note: *Femoral component was shortened intraoperatively with a diamond saw for both cases (due to the multiplanar deformity, the femur was overestimated). **Peroneal nerve palsy recovered by 12 months.
          


        


        
          Table 3 Summary of prosthesis information and complication data of hip arthroplasty in a patient with MPS


          
            
              
                	Arthroplasty Component

                	

                	Number (%)

                	Prosthesis Failure (1, Guffon et al.)

                	Intraoperative Fracture (4)

                	Neurological Compromise (1**)
              

            

            
              
                	Approach

                	Anterolateral

                Posterior*

                Not reported

                	7 (35)

                6 (30)

                7 (35)

                	0

                0

                1

                	2

                2

                0

                	1

                0

                0
              


              
                	Cemented Acetabular

                	Yes

                No

                Not reported

                	8 (40)

                11 (55)

                1 (5)

                	0

                0

                1

                	1

                3

                0

                	0

                1

                0
              


              
                	Cemented Femoral

                	Yes

                No

                Not reported

                	11 (55)

                8 (40)

                1 (5)

                	0

                0

                1

                	1

                3

                0

                	0

                1

                0
              


              
                	Type of Prosthesis

                	Metal on Metal

                Metal on Poly

                Ceramic on Ceramic

                Insufficient information

                	1 (5)

                8 (40)

                4 (20)

                7 (35)

                	0

                0

                0

                1

                	1

                1

                2

                0

                	0

                1

                0

                0
              


              
                	Screw Fixation (acetabular)

                	Yes

                No

                	10 (50)

                10 (50)

                	0

                1

                	2

                2

                	1

                0
              

            
          


          
            Note: *Posterior or posterolateral or Mores approach. **Study describes a “transient sciatic nerve palsy” [23].
          


        


        
          Table 4 Total hip arthroplasty cases with reported acetabulum and stem size.


          
            
              
                	Study

                	Acetabulum Size (mm)

                	Stem Size
              

            

            
              
                	Gautam et al.

                	44

                	Size 1, short stem (ProximaTM Hip Duofix, Depus Synthes)
              


              
                	Ilyas et al.

                	40

                	Size 5 DDH stem, small diameter (Protek, Sulzer Medica, Winterthur, Switzerland)
              


              
                	Ilyas et al.

                	36

                	Size 5 DDH stem, small diameter (Protek, Sulzer Medica, Winterthur, Switzerland)
              


              
                	Leonard et al.

                	50

                	Size 3, modular (ABG II, Howmedica)
              


              
                	Leonard et al.

                	50

                	Size 3, modular (ABG II, Howmedica)
              


              
                	Pietri et al.

                	48

                	Not reported.
              


              
                	Pietri et al.

                	48

                	Not reported
              


              
                	Pietri et al.

                	48

                	Not reported
              


              
                	Tassinari et al.

                	40

                	Size 13, modular (Wagner cone, Zimmer)
              


              
                	Tassinari et al.

                	40

                	Size 13, modular (Wagner cone, Zimmer)
              


              
                	Tassinari et al.

                	48

                	Size 9, modular (Apta, Adler Ortho)
              


              
                	Tassinari et al.

                	50

                	Size 9, modular (Apta, Adler Ortho)
              

            
          


        

      


      
        

        3.4. Postoperative Details


        The mean reported follow-up for knee arthroplasty was 3.6 years (range 1-5 years) and 5.1 years (range 1-15 years) for hip arthroplasty. There was no reported peri-operative mortality in the cohort.


        One knee arthroplasty patient underwent vastus intermedius release 9 months postoperatively due to restricted flexion of 65 degrees during rehabilitation [16]. One patient who underwent knee arthroplasty required intensive care unit (ICU) admission for severe blood loss. There were no other reports of ICU admission as precautionary or a consequence of surgery [15]. One knee arthroplasty patient developed a post-operative peroneal nerve palsy that had resolved at the final follow-up [15]. One knee arthroplasty patient developed transaminitis, which was attributed to a combination of tissue hypo-perfusion and hypoxia on a background of regular use of paracetamol [15]. All knee arthroplasty patients reported significant pain improvement at the final follow-up. Oxford Knee Scores (OKS) for two knee arthroplasties (one patient) showed improvement from 22 to 39 at five years [15]. International Knee Society (IKS) score for three knee arthroplasties (two patients) reported scores of 91, 90, and 90 at follow-up with no pre-operative measures [16].


        One hip was revised due to the loosening of the femoral stem and acetabular component four years post-initial operation [19]. One hip arthroplasty had post-operative sciatic nerve palsy [24], which had resolved at the final follow-up. Significant pain improvement was achieved in 90% (18/20) of hip arthroplasties, with one patient reporting moderate pain at follow-up [18] and one reporting ongoing pain-causing disability [19]. The hip group achieved 80% (16/20) of arthroplasties requiring no aids post-operatively [18, 20-24], 20% (4/20) required aids [17, 19, 23], and no patients used wheelchairs postoperatively. Only one hip arthroplasty reported Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and Harris Hip Scores (HHS) with significant improvements in both measures pre-operatively to post-operatively [25]. One hip arthroplasty patient reported a symptomatic limb length discrepancy of 5cm requiring shoe raises on the contralateral side [18].


        Overall, there were 9 (45%) complications, including fractures (four, all hip arthroplasty), loosening (one hip arthroplasty), nerve damage (one hip, one knee), post-operative stiffness (one knee), and severe blood loss (one knee) (Table 1).

      

    


    
      

      4. DISCUSSION


      With medical advancements in patients with MPS, arthroplasty of the hip and knee is becoming more common in the multidisciplinary approach. This review collates the current literature on arthroplasty in this rare patient group.


      Ten publications reporting knee or hip arthroplasty in 15 patients were identified. Publication bias is difficult to avoid, given the rarity of the disease. Authors may selectively publish complication data; conversely, authors may prefer to publish successful cases. The largest case series of arthroplasty in MPS reported three patients with six hip arthroplasties [23].


      The musculoskeletal complications of MPS are well-described and do not satisfactorily respond to modern medical management. These complications include short stature, skeletal dysplasia (termed dysostosis multiplex in MPS), joint stiffness (particularly MPS I, II, VII) or hypermobility (particularly MPS IV), and avascular necrosis (particularly MPS III) [4]. Impaired ossification associated with dysostosis multiplex results in hip dysplasia and genu valgum. Attempts in children to prevent the development of hip osteoarthritis with osteotomies have been proven ineffective [26].


      Papers in this review did not detail the multidisciplinary management of patients in the peri-operative period, but this is paramount for safe surgery in MPS patients. Patients with MPS are at high risk for anaesthetic complications due to airway, respiratory and cervical spine manifestations of the disease [27]. With increasing numbers of surgeries being performed on MPS patients, there are increasing case reports of the devastating complication of peri-operative thoracic spinal cord infarction in MPS patients [28]. This complication occurs in the anatomical watershed region of the thoracic spine vascular supply. Recommendations to minimise its occurrence include lower limb neuromonitoring in lower extremity surgeries, careful patient positioning, and judicious blood pressure control [29]. Pre-operative whole spine MRI has been recommended to evaluate the cervical spine and ensure no anomalies to contraindicate spinal anaesthesia [21, 27, 28].


      This review highlights the importance of pre-operative planning in this patient group [8]. Intraoperative shortening of the femoral component was required for two knee arthroplasties to accommodate short limb-length and multi-planar deformity [15]. All knee arthroplasties were performed in MPS IV patients. These patients have severe, progressive genu valgum and joint hypermobility, requiring some form of constraint with a prosthesis, and there is the risk of peroneal nerve palsy post-operatively [15, 30]. De Waal et al. reported peroneal palsy in the one knee arthroplasty, which did not have an intra-operative release of the peroneal nerve. Two knees in the same series that underwent nerve release did not have this complication [16]. Atinga et al. described using the tourniquet to help prevent bleeding when undergoing extensive soft tissue releases in patients undergoing knee arthroplasty [15]. Given the small stature of this patient group, a paediatric tourniquet is usually required.


      Dysplasia hip, modular, and small/short diameter stems were used to accommodate the varied femoral osteology, including small size and abnormal versions in MPS patients [21]. The use of screw fixation in half the hip arthroplasties may reflect the poor bone quality and the lack of coverage of the acetabular component due to altered osseous anatomy [22]. The most popular hip prosthesis was metal on polyethylene, followed by ceramic on ceramic. Materials are partly due to surgeon preference; however, patient activity levels, risk of higher impact activity, and dislocating should be considered [31]. Intra-operative femoral fracture requiring cerclage wire fixation occurred in 4/20 hip arthroplasty cases. This rate is higher than the reported mean in the literature of 0.23% in cemented arthroplasty and 3.0% in uncemented implants [32]. Given the morphological changes in MPS patients, difficulty in implant placement can be compounded by lower bone mineral density, particularly in MPS types III and IV [33, 34]. For other MPS types, bone mineral density scans are usually within the normal range when corrected for short stature [35]. Considering bone stock and appropriate implants (standard vs. custom-made) may help prevent intra-operative fractures [20, 24].


      Postoperative complications were rarely reported in this patient group, with one patient requiring soft-tissue release for stiffness post-knee arthroplasty and one case of hip arthroplasty loosening requiring revision [16, 19]. Longer-term follow-up is required to determine arthroplasty revision rates and complications in this patient group. There is a lack of literature regarding function and quality of life pre- and post-orthopaedic interventions in MPS patients [26]. HHS, WOMAC, IKS, and OKS scores were reported pre- and post-operatively for only four patients [15, 16, 24]. Pleasingly, these scores and pain scores were reliably improved with surgery in MPS patients.


      Arthroplasty surgeons should be aware that less-rapidly progressive or attenuated forms of MPS can present for the first time in early adulthood and are commonly misdiagnosed or have a delayed diagnosis [25, 36]. Joint stiffness without signs of joint inflammation, carpal tunnel syndrome, and hip dysplasia are common presentations of less-rapidly progressive MPS subtypes in early adulthood [25].


      Although not the focus of this paper, it is important to consider that the management of MPS, including systemic and orthopaedic management in childhood, is evolving. Acetabular and femoral osteotomies improve radiological parameters for patients with MPS in the short to medium-term [16] but have failed to prevent the development of clinically significant osteoarthritis in adulthood [37]. The benefits of achieving improved anterior and superior hip coverage with osteotomy [16] must be weighed against literature that reports that patients who have undergone prior osteotomies show lower activity scores and higher revision rates post-hip arthroplasty [38]. Guided growth for progressive, pathological genu-valgum in children is a relatively low-risk procedure increasingly used in MPS, particularly in MPS IV [30, 39]. Its role in minimising the development of knee osteoarthritis in these patients is yet to be established.

    


    
      

      CONCLUSION


      The findings of this review are that knee and hip arthroplasty can be performed safely in patients with MPS but with a higher complication rate than in the non-MPS population. Careful pre-operative planning and multidisciplinary management, including an experienced anaesthetist and awareness of the potential for underlying atlantoaxial instability, are required. Surgeons should be encouraged to share their experiences, including reporting functional and quality-of-life outcomes and longer-term follow-up to help facilitate decision-making and surgical planning in patients with this rare and complex disease.
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      LIST OF ABBREVIATIONS


      
        
          	

          	
        


        
          	MPS

          	= Mucopolysaccharidosis
        


        
          	GAG

          	= Glycosaminoglycan
        


        
          	PRISMA

          	= Preferred Reporting Items for Systematic Reviews and Meta-Analyses
        


        
          	LPS

          	= Lipopolysaccharide
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