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Objective: Mitochondrial disease is a multisystem disorder resulting from mitochondrial dysfunction. Although musculoskeletal system is vulnerable to mitochondrial dysfunction, little information is available on orthopedic issues such as hip displacement and scoliosis in patients with mitochondrial disease. We aimed to examine the point prevalence of hip displacement and investigate the associated factors in patients with mitochondrial disease.

Methods: We retrospectively reviewed the medical records and plain radiographs of patients diagnosed with mitochondrial disease between January 2006 and January 2019 at a single institution. Data, including patient age, sex, follow-up duration, syndromic diagnosis, and gross motor function were collected. Migration percentage was measured on the radiographs. The clinical and radiologic variables were compared between patients classified according to the presence of hip displacement and motor function level.

Results: We included 225 patients (135 men, 90 women). The mean age at the latest follow-up was 11.1 years, and the mean follow-up duration was 7.0 years. Hip displacement was noted in 70 (31.1%) patients. The proportion of patients with Leigh disease (p = 0.007) and the ratio of non-ambulators (p < 0.001) were higher among patients with hip displacement. The proportion of patients with Leigh disease was higher in the non-ambulators than the ambulators.

Conclusion: One-third of patients with mitochondrial disease developed hip displacement. Hip displacement was more common in non-ambulators or patients with hypertonia. Careful and serial monitoring for hip problems is required for non-ambulatory patients with mitochondrial disease who have increased muscle tone.
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INTRODUCTION

Mitochondrial disease is a complex and heterogenous multisystem disorder resulting from mitochondrial dysfunction and, particularly, from defects of the mitochondrial respiratory chain (MRC) and associated abnormal oxidative phosphorylation (1). Different phenotypes and genotypes of mitochondrial disease may be noted in patients with abnormality in mitochondrial DNA or nuclear DNA, with variations in the extent and severity of the manifestations owing to the defects in any of the numerous mitochondrial pathways (2, 3). Clinical symptoms may develop at any age and may affect any organ (1).

The musculoskeletal system consists of organs with high-energy requirements and is vulnerable to mitochondrial dysfunction (1). Orthopedic manifestations are noted in patients with mitochondrial disease from a variety of causes, including underlying myopathy, neuropathy, and abnormalities of tone (4). Musculoskeletal involvement is noted in progressive proximal myopathy, exercise intolerance, muscle weakness, and gait disturbance (3, 5, 6). Some patients with mitochondrial disease show severe musculoskeletal features, such as muscular contractures, scoliosis, hip dislocation, and limb deformities which may require surgical intervention. Only a few case reports on neuromuscular scoliosis in patients with mitochondrial disease have been published to date (7, 8).

Hip displacement can result in pain and difficulty during sitting and perineal care, leading to a considerable negative impact on the quality of life (9). Although many studies have reported on hip displacement in patients with neuromuscular diseases, like cerebral palsy, muscular dystrophy, or spinal muscular atrophy (9–11), to the best our knowledge, the occurrence and related factors of hip displacement in patients with mitochondrial disease have not been reported previously. This study aimed to examine the frequency of hip displacement in patients with mitochondrial disease and investigate the factors associated with the occurrence of hip displacement in these patients.



MATERIALS AND METHODS

We reviewed the medical records of patients who were diagnosed with mitochondrial disease and regularly followed up at our hospital between January 2006 and January 2019 at a single institution. Mitochondrial disease was diagnosed according to the modified criteria for mitochondrial disease proposed by Bernier et al. (12), which include clinical, histopathologic, enzymatic, and metabolic parameters. The inclusion criteria for the present study were as follows: availability of plain radiographs of the hip and spine for the evaluation and proper clinical records for assessing the medical and ambulatory status.

Data, including patient age at the initial and latest follow-up, sex, follow-up duration, gross motor function, and muscle tone were collected. The age of the patients when hip displacement occurred was estimated using serial radiographs. Gross motor function was assessed according to the walking status. Patients were divided into three groups—independent ambulators, ambulators with an assistive device, and non-ambulators. Muscle tone was classified as hypertonia, hypotonia, and normal. We investigated whether these patients underwent surgery. The type of surgery and postoperative complications were noted.

All patients were classified according to the syndromic diagnosis. The diagnoses of mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes (MELAS) and Leigh disease were confirmed based on the diagnostic criteria reported by Yatsuga et al. (3) and Rahman et al. (13), respectively. Patients with non-specific and non-categorized mitochondrial disease did not show typical clinical symptoms, abnormal biochemical results, or genetic mutations conforming to the known and established mitochondrial syndromes (14). Genetic analysis and spectrophotometric biochemical enzyme assay for MRC complex of the muscle were performed for all patients.

Anteroposterior pelvic radiographs, taken with the hips slightly internally rotated, were used for radiologic measurements. All measurements were performed by two orthopedic surgeons. The migration percentage (15) and pelvic obliquity (16) were measured on pelvic radiographs at the initial and last follow-up. Hip subluxation requiring reconstructive surgery was defined according to the current literature as migration percentage >30%, and hip dislocation was defined as migration percentage of 100% (17, 18). The degree of pelvic obliquity, the angle made by the horizontal line and line between the lowest points of the pelvic bones on the right and left sides, was also checked. The Cobb angle was measured from anteroposterior whole-spine radiographs. Scoliosis was defined as Cobb angle >10°.

All data were analyzed using SPSS version 23 software (IBM Corp., Armonk, NY, USA). To compare the variables between groups with and without hip displacement, the two-sample t-test or Mann-Whitney U-test was used for continuous variables, and the χ2-test or Fisher's exact test was used for categorical variables. p-value < 0.05 was considered significant for all analyses.



RESULTS

We identified 258 patients with mitochondrial disease. Thirty-three patients were excluded owing to inadequate radiographs for hip evaluation. The remaining 225 patients (135 men and 90 women) were included in this study. According to the syndromic diagnosis, 81 patients had Leigh syndrome, 10 had MELAS, and 134 had non-specific mitochondrial disease. Among 81 patients who met the clinical criteria for Leigh syndrome, 16 patients had confirmed the mitochondrial DNA mutation. Two patients showed nuclear DNA mutation and had SURF1 gene mutation. Ten patients diagnosed with MELAS were all positive mitochondrial DNA 3243A>G mutation. The majority of patients were not genetically confirmed in this study. The mean age at the latest follow-up was 11.1 ± 5.3 years, and the mean age at the initial visit was 4.8 ± 3.9 years. The mean follow-up duration was 7.0 ± 3.9 years (range, 1–24 years).

Hip displacement was noted in 70 (31.1%) patients. The estimated mean age when hip displacement occurred was 7.9 (3.2–12.7) years. The proportion of patients with hip subluxation and hip dislocation was 18.7 and 12.4%, respectively (Figure 1A). The status of the hip at the initial radiographic examination in patients with hip subluxation and dislocation is illustrated in Figures 1B,C, respectively. At the first assessment, 35 (83.3%) of the 42 patients with hip subluxation were normal and 16 (57.1%) of the 28 patients with hip dislocation were normal. According to syndromic diagnosis, the frequency of hip displacement was 43.2% (35 of 81) in patients with Leigh syndrome, 10% (1 of 10) in patients with MELAS, and 25.4% (34 of 134) in patients with non-specific and non-categorized mitochondrial disease.


[image: Figure 1]
FIGURE 1. Incidence of hip subluxation and dislocation in patients with mitochondrial disease and status of the hip at the initial assessment. (A) Number of patients with hip subluxation and dislocation. (B) Initial status of the hip in patients with hip subluxation. (C) Initial status of the hip in patients with hip dislocation.


Sixty-six (29.3%) patients were independent ambulators, 37 (16.4%) were able to ambulate with an assistive device, and 122 (54.2%) were non-ambulators. The distribution of hip displacement according to motor function level is presented in Figure 2. The occurrence of hip displacement was found in 9 (8.7%) patients who were able to walk and in 61 (50%) non-ambulatory patients. The frequency of hip subluxation was 4.5% in independent ambulators, 16.2% in ambulators with an assistive device, and 25.4% in non-ambulators. While hip dislocation was not found in ambulatory patients, it was noted in 30 (24.6%) non-ambulatory patients.


[image: Figure 2]
FIGURE 2. Hip displacement in patients with mitochondrial disease according to the motor function level. (A) Independent ambulatory, (B) ambulator with assistive device, and (C) non-ambulator.


Seventy-five (33.3%) patients had increased muscle tone, 29 (12.9%) patients had decreased muscle tone, and 72 (32%) patients showed normal muscle tone. The muscle tone in 49 (21.8%) patients cannot be evaluated because of the lack of medical record. Hypertonia was found in 39 (48.1%) patients with Leigh syndrome, and 35 (26.1%) patients with non-specific mitochondrial disease.

Mitochondrial respiratory chain complex deficiency was found in 191 (84.8%) patients, and the results showed complex I deficiency in 165 cases (86.4%), complex II deficiency in one case (0.5%), and complex IV deficiency in 25 cases (13.1%).

Forty-three (19.1%) patients had scoliosis, and the mean Cobb's angle was 48.2°. Hip displacement was noted in 16 patients with scoliosis. Pelvic obliquity was present in 7.1%, and the mean pelvic obliquity was 19.3°.

Comparisons of the characteristics between patients with and without hip displacement are described in Table 1. The proportion of patients with Leigh disease was higher among patients with hip displacement than among those without (p = 0.007). Non-ambulators were more commonly noted among the group with hip displacement (p < 0.001). There was a significant difference in the mean follow-up period between the two groups. Significant differences in age, sex, MRC deficiency, and presence of scoliosis and pelvic obliquity were not found between the two groups.


Table 1. Distribution of the variables according to hip displacement.
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We also compared the variables between ambulators and non-ambulators (Table 2). Age (p = 0.012), distribution of syndromic diagnosis (p = 0.027), and presence of scoliosis (p = 0.027) significantly differed between the two groups. The proportions of patients with Leigh disease and scoliosis were higher among the non-ambulators.


Table 2. Variables distribution according to ambulation.
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Ten patients underwent surgical treatment for hip displacement. Among five patients with Leigh syndrome, three patients underwent hip reconstruction surgery (femur and pelvic osteotomy) while other two underwent soft tissue release. Hip reconstruction surgery was done in five patients with non-specific mitochondrial disease. There was no redislocation of hip in patients managed with surgery during the study period. Three patients received the posterior spinal fusion for scoliosis. Bracing was used in 10 patients, and wheelchair modification, physical therapy, and environmental adaptation were used in the remaining 30 patients. All patients who underwent surgery had increased muscle tone.



DISCUSSION

This is the first report to describe the occurrence of hip displacement in patients with mitochondrial disease. Hip displacement developed in 31.1% of patients with mitochondrial disease in our cohort. The point prevalence of hip displacement in our study is similar to that reported in patients with cerebral palsy (18, 19). The true incidence of hip displacement in patients with mitochondrial disease is difficult to determine because of the rarity of mitochondrial disease. However, the number of patients in our cohort is large enough to be considered meaningful.

In our study, the status of the hip in most patients with hip displacement was normal at the initial visit. This may have been because of either late-onset hip displacement or the failure to detect hip displacement at the initial assessment. Although it is unclear whether hip displacement is present at birth or can develop over time, our results imply that hip displacement in patients with mitochondrial disease may progress with age. This result suggests that hip displacement should be regularly monitored in patients with mitochondrial disease.

Our results showed that hip displacement was strongly associated with the motor function level. The frequency of hip displacement was higher in non-ambulators. These results were similar to those of other studies that confirmed the linear association between Gross Motor Function Classification System (GMFCS) level and hip displacement in patients with cerebral palsy (18, 19). As the GMFCS is specific to cerebral palsy and cannot be directly applied to patients with mitochondrial disease, we classified the patients in this study into three groups according to motor function level, as follows: independent ambulators, ambulators with an assistive device, and non-ambulators. Dislocation was not noted in ambulatory patients and was noted only in non-ambulatory patients. The present data showed that non-ambulatory patients with mitochondrial disease had a high risk for hip displacement or dislocation. Therefore, physicians must pay more attention to non-ambulatory patients with mitochondrial disease.

Our study reported that the proportion of patients with Leigh disease was higher in the group with hip displacement. Leigh syndrome is a neurodegenerative disease characterized by bilateral central nervous system lesions (14). Leigh syndrome is a heterogenous neurodegenerative condition that affects the basal ganglia, the thalamus, and the brainstem (20). Affected individuals may develop weak muscle tone (hypotonia), involuntary muscle contractions (dystonia), muscle spasm (spasticity), and problems with movement and balance (ataxia) (21). Although we could not identify the muscle tone in all included patients, the proportion of patients with hypertonia in Leigh syndrome was higher than that of non-specific mitochondrial disease. This result may support that increased muscle tone is the main factor causing the hip displacement in patients with Leigh syndrome. Although spasticity is an important cause of hypertonia, increased muscle tone may also be attributable to dystonia when there is simultaneous co-contraction of agonist and antagonist muscles at rest (22). It is well-known that dystonia is one of common feature of mitochondrial disease such as Leigh syndrome (21). Muscle imbalance due to increased or spastic muscle tone induce abnormal force on the hip joint (18, 23). Over time, the relatively increased activity of the hip adductors and flexors abnormally alter the joint reactive force, gradually causing the proximal femur to subluxate from the acetabulum (17). These forces also create anatomic differences and prevent the physiologic remodeling of immature hip geometry including increased anteversion, increased neck-shaft angle, and acetabular dysplasia (24). The resulting pathology can lead to hip subluxation and eventual dislocation, which may deteriorate the motor function level. Although, muscular imbalance can also occur in patients with hypotonic or flaccid muscle tone, hip displacement is common in patients with increased or spastic muscle tone such as in cerebral palsy. We assume that hypertonia is the main factor causing hip displacement even in patients with mitochondrial disease.

The frequency of scoliosis in patients with mitochondrial disease was 19.1%. Only two case reports on scoliosis in patients with mitochondrial disease have been published to date (7, 8). Although they reported a 5% incidence of scoliosis among patients with mitochondrial myopathies, the total number of patients was only 60. Therefore, it is not reasonable to compare this rate with that in our study.

The distribution of scoliosis according to the presence of hip displacement was not different. Scoliosis is frequently observed in patients with neuromuscular disease (14, 25–27). Although hip displacement may accompany scoliosis, previous studies investigating the causal relationship between these factors showed inconsistent results (28–33). Further studies are required to evaluate the association between hip displacement and scoliosis in patients with neuromuscular diseases.

The proportion of patients with scoliosis was higher among the non-ambulators than among the ambulators. In patients with cerebral palsy, the risk of scoliosis was closely associated with the ambulation status (34). Low motor function level due to muscle weakness and incomplete muscle control contributes to impaired trunk control and the development of spinal deformity. Our results showed that ambulation status was related to preserve the development of the hip joint in patients with mitochondrial disease.

Although we found a high incidence of hip displacement in patients with mitochondrial disease, there are no specific treatment guidelines and surgical techniques for these patients. Some patients with mitochondrial disease have very unhealthy medical condition and show high mortality rates from sepsis or pneumonia (1). It may be unnecessary to evaluate and monitor the status of the hip joint in these patients. However, we consider that serial evaluation for hip displacement is important because it may be cost-effective to preserve the hip joint by physical therapy or minor surgery, like soft tissue release (6). Considering the estimated mean age when hip displacement occurred, we recommend that hip radiography examination, such as the cerebral palsy surveillance program, ideally be initiated by 6–8 years of age in non-ambulatory patients with mitochondrial diseases. Surveillance frequency is based on the child's age, GMFCS level, and muscle tone.

This study had some limitations. First, our study is retrospective and cross-sectional in nature. We could not examine the same periods in all patients owing to the variable periods of follow-up, which is possibly why we found a significant difference in the mean follow-up periods between patients with and without hip displacement. This may be because non-ambulators with hip displacement frequently visit the hospital for medical care or checkups for the hip joint status, whereas ambulators without hip displacement do not need additional radiography examination. Additionally, some patients had not reached skeletal maturity at the final assessment, which may have led to a bias in assessing the incidence of hip displacement. As noted earlier, this is the first report on hip displacement in a large patient group with mitochondrial disease. Second, we included a smaller proportion of patients with MELAS because it is an extremely rare disease subtype. Thus, the frequency of hip displacement in patients with MELAS must be interpreted with caution.

In conclusion, 31.1% of patients with mitochondrial disease developed hip displacement. Hip displacement was more common in non-ambulators or patients with increased muscle tone. Careful and serial monitoring for hip problems are recommended in non-ambulatory patients with mitochondrial disease who have increased muscle tone.
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Scoliosis, n (%) 0027
Yes 13 (12.6) 30(24.6)

No 90 (87.4) 92 (75.4)

Pelvic obliquity, n (%) 0.118
Yes 439 12(98)

No 99 (96.1) 110(90.2)

MELAS, Mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes;
NS&NC MD, non-specific and non-categorized mitochondrial disease.
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