Abstract
Background
Slipped upper femoral epiphysis (SUFE) has an incidence of 1-7 per 100,000 adolescents in the UK and its link with obesity well established.  With a rising number of paediatric orthopaedic patients presenting with vitamin D deficiency, the aim of our study was to establish the prevalence of vitamin D deficiency in SUFE patients presenting to an orthopaedic department in the UK and whether a low vitamin D level increases the time to proximal femoral physeal fusion, post-surgical fixation.

Methods
A total of 27 paediatric patients, with a female to male ratio of 17:10 and a mean age of 11.5 years (SD 1.99), range 8 to 16 years, presented with a SUFE and had their vitamin D level assessed during the study period, June 2007 to July 2012 (inclusive).  The majority of these patients (85.2%) were assessed as vitamin D deficient, with a serum 25-(OH)D <52 nmols/L .  The time taken for >50% physeal fusion on anteroposterior radiography post-surgical fixation quoted in the literature is 9.6 months with no reported vitamin D deficiency or insufficiency.  

Results
In our study the median time to physeal fusion in the vitamin D deficient and insufficient patients was 25 months, interquartile range 17-43 (mean of 29 months, SD 16.8).  A negative correlation was also observed between vitamin D level and the time taken for physeal fusion following surgical fixation.

Conclusion
We conclude that a high prevalence of vitamin D deficiency has been observed in our SUFE patients.  Comparing the time taken for physeal closure as 9.6 months in the literature with vitamin D deficient patients, this is prolonged.  Indeed a negative correlation between vitamin D level and time to physeal fusion has been demonstrated.  This study highlights the need for regular vitamin D status assessment in SUFE patients in order to allow early implementation of treatment with vitamin D supplementation.  The impact of vitamin D screening and supplementation on SUFE outcomes should be investigated further.

























Introduction

Slipped upper femoral epiphysis (SUFE) was first described by Ambroise Paré in 1575 1 and is a well-recognised disorder of adolescent hips, characterised by displacement of the capital femoral epiphysis through the physeal plate from the femoral neck, such that the femoral neck is displaced anteriorly. 2, 3  Whilst the aetiology of most SUFE cases is unknown, 2,4,5 associations have been made with some endocrine disorders 3, 6, 7 and indeed its links with obesity are well documented. 3,8,9,10,11,12 

Figure 1

In the UK, childhood obesity has doubled in the last 20 years, with estimations in 2010 that 30% of UK children are obese. 13   Murray and Wilson 8 found a correlation between increased SUFE incidence with obesity in Scotland, from 3.78 to 9.66 per 100,000 in the last two decades and also noted a lower mean age of children with a SUFE diagnosis. 

Recent observations have also illustrated a growing number of paediatric orthopaedic patients presenting with vitamin D deficiency or insufficiency in the UK.14, 15  Davies et al 14 noted 32% of paediatric orthopaedic patients had vitamin D insufficiency and 8% were vitamin D deficient, whilst Alemzadeh et al 16 has concluded that vitamin D deficiency is more common in childhood obesity.  The rising incidence of vitamin D deficiency has been linked to many musculoskeletal disorders, including a higher incidence of fractures in the paediatric population. 15  Parry et al 17 highlighted the risk of poor bone healing following paediatric orthopaedic surgery in vitamin D insufficient patients and found that 90% of children admitted for orthopaedic surgery had insufficient vitamin D levels.

Likewise SUFE aetiology has also been linked to seasonal variations 18,19,20 and endocrine abnormalities 6, and a case report by Skelley et al 21 in 2010 noted delayed union and pain in an obese SUFE patient who was vitamin D deficient.  Madhuri et al 22 also noted a high prevalence of vitamin D deficiency amongst 15 SUFE patients in India.  Whilst Jinguishi et al 23 observed a transient deficiency in 1,25-dihydroxyvitamin D in 13 Japanese SUFE patients and concluded that deficiency of the activated form of vitamin D during the growth spurt may result in SUFE development.

SUFE treatment through single cannulated screw in situ pinning aims to halt any further slip, preventing further complications through premature physeal fusion. 2, 4, 24   We hypothesise that the time taken for physeal fusion, (post-surgical fixation), may be prolonged in vitamin D deficient patients, therefore delaying recovery and potentiating further complications.  The purpose of this study was to establish the prevalence of vitamin D deficiency in patients presenting with a SUFE and to assess whether the time to physeal fusion was prolonged in vitamin D deficient SUFE patients. This paper presents a retrospective cohort study conducted at a single centre, of consecutive paediatric patients who presented to the orthopaedic department at University Hospital Southampton (UHS), with a SUFE between June 2007 and July 2012.


Patients and Methods
Children who presented to UHS with a SUFE and who underwent a blood test to determine vitamin D levels were included in the study. Paediatric orthopaedic clinic lists identified eligible patients and data was obtained from: patients’ medical notes; hospital computer systems PACs (Picture Archiving and Communication System) and eDocs, up until December 2012.  Patients were excluded from analysis: if their vitamin D level (25-(OH)D) was not tested at the time of presentation; they were found to have an endocrine abnormality; developed avascular necrosis (AVN) or were lost to follow-up.
Clinical examination confirmed SUFE diagnosis and this was confirmed by pelvic radiograph (anteroposterior and frog-leg lateral views).  Radiographs were taken at the time of the operation and then at an average of eight weeks interval until closure of the physeal plate.  Inter observer variation was reassessed by the senior consultant.  Physeal fusion was assessed using pelvic radiographs, taken at the time of the surgery and then at an average of eight week intervals until closure of the physeal plate.  Two reviewers, not blinded to patient information assessed the radiographs for physeal fusion, defined when >50% of the physis had closed on the anteroposterior radiograph.25  
Time to physeal fusion was recorded up until December 2012, although some physes had not fused by that time. For these hips, the length of time since their surgical fixation up until December 2012 was used as an estimate of their time to physeal fusion. 
Single cannulated screw in situ pinning is the standard surgical treatment for the majority of SUFE cases at our institution.  All patients in this study were treated with this surgical technique by a consultant or senior registrar in paediatric orthopaedic surgery.

Figure 2

Results
During the study period 39 SUFE patients were identified, of whom 34 (87.2%) had their vitamin D level assessed.  Of these, seven patients were excluded from analysis: one patient with hypothyroidism, three developed AVN and three were lost to follow-up.  This gave 27 patients eligible for analysis, 5 presented with bilateral SUFE and underwent bilateral fixation in a single operation and a further 11 patients developed contralateral SUFE prior to commencing any treatment for vitamin D deficiency, to give a total of 43 hips.  

Statistical analysis 
Data was analysed using STATA version 11.0. Patient characteristics on presentation were summarised.  Although summary statistics were presented for all 43 hips on which data were obtained, further analyses were restricted to the first presenting hip per patient. This was to avoid within-patient similarities in hips impacting and possibly masking the relationships being investigated.  In particular, the time to physeal fusion tended to be very similar in pairs of hips within individuals if not identical.  Among all patients presenting with bilateral SUFE, their times to physeal fusion were identical in both hips and so just one of these was included in the analysis at random. 

Spearman’s rank correlation was used to explore the strength of any pairwise associations between each of time to physeal fusion, vitamin D level, degree of slip and symptom chronology.  Regression analysis was used to explore the nature of any relationships indicated by the correlations above. Since the data were highly skewed, regression residuals were examined to check for assumptions of normality and were found to be satisfactory.

The mean age was 11.5 years (SD 1.99) (8 to 16 years), with a female to male ratio of 17:10.  Patients’ weights at the time of the operation were placed on an age and gender specific centile growth chart.  Twenty six of the twenty seven patients (96.3%) were above the 75th centile, with twenty one patients (77.8%) above the 91st centile.

Each of the 43 SUFE hips were classified in terms of stability, with 38 (88.4%) hips termed stable and 5 (11.6%) unstable.   The majority of SUFE patients presented with symptoms greater than 3 weeks and were termed chronic 18 (41.9%), 14 (32.6%) presented in the acute stage (<3 weeks), with 11 (25.6%) defined as acute-on-chronic.  In terms of the categorised degree of hip displacement using the posterior sloping angle, the majority 30 (69.8%) were mild, 11 (25.6%) moderate and 2 (4.7%) were severe.

A total of 16 hips had not yet fused by the end of the study period and were therefore estimated as described above to give a conservative underestimate of their time to physeal fusion.  The median time to physeal fusion in all 43 hips was 19 months, with an inter-quartile range (IQR) of 8-31 months.  Among those who had fused within the study period (n=27), the median time to fusion was 25 months, IQR 17-43 months.

Of the 27 patients, just 2 patients (7.4%) had normal vitamin D levels, 2 patients (7.4%) were vitamin D insufficient, whilst 23 patients (85.2%) were vitamin D deficient. Even those patients with sufficient vitamin D levels, they were only just sufficient, at 73 and 79 nmol/L respectively.

Figure 3

The median time to physeal fusion in hips of patients with vitamin D insufficiency or deficiency was 20 months, (IQR 8-33 months).  Among those who had fused within the study period and were vitamin D insufficient or deficient (n=27), the median time to fusion was 25 months, IQR 17-43 months.

Table 1 and 2

Further analysis to explore the relationship between vitamin D levels and time to physeal fusion was restricted to the first presenting hip as previously discussed.  A negative correlation was seen between vitamin D levels and time to physeal fusion (Spearman’s Rank correlation -0.378, p=0.052).  Furthermore, a regression analysis indicated that an increase of one nmols/L in vitamin D was associated with a decrease in time to physeal fusion of 11 days (95% confidence interval 0.3 to 21 days, p=0.057), suggesting an association between vitamin D levels and time to physeal fusion even in this relatively small sample.

There was no evidence of an association between time to physeal fusion and degree of slip (Spearman’s Rank correlation 0.088, p=0.66) or between time to physeal fusion and symptom chronology.  There was evidence of an association between vitamin D level and degree of slip (Spearman’s Rank correlation -0.423, p=0.028), however, this did not alter the relationship observed between time to physeal fusion and vitamin D level when degree of slip was added into a multivariable regression model.

 Discussion 
Previous studies have discussed the concern related to premature closure following fixation of SUFE, with the associated problems of greater trochanteric overgrowth, coxa breva and coxa vara. The literature reports an average of 12 - 13 (range, 2-34) months to physeal closure postoperatively 24,25 26. In this study we defined physeal fusion when >50% of the physis had closed on the anteroposterior radiograph, as described by Goodman et al. 26 The mean time taken for >50% physeal closure on anteroposterior radiographs is quoted as 9.6 months in this study. None of the studies made reference to vitamin D deficiency or insufficiency. 

Whilst the classification of vitamin D deficiency in children remains controversial,14 in this study the vitamin D (25-(OH)D) level was interpreted using the UHS laboratory reference values, where <52 nmols/L was considered vitamin D deficient and between 52-72 nmols/L to be vitamin D insufficient.  These reference values are in keeping with the American institute of medicine classification of vitamin D deficiency and insufficiency. 27 In the UK the optimal vitamin D blood level is currently recommended as 25nmols/L, though there is some agreement that this should be above 50nmols/L 28, a level based on the benefits that have been seen in a number of chronic diseases, including osteoporosis. Currently there is ongoing debate as to the level that constitutes a low vitamin D status for the UK population as a whole, with no evidence based reference value recommended specifically for children. 

The potential link between SUFE and nutritional deficiencies with particular focus on vitamin D deficiency is beginning to be considered, with the case study by Skelley et al21 and the series of 15 cases by Madhuri et al. 22  Indeed this was evident in our study from the higher percentage of vitamin D deficient SUFE patients (85.2%), compared to those presenting with a sufficient/normal vitamin D level (7.4%).  Direct comparison to other studies which have demonstrated vitamin D deficiency in UK paediatric patients, is difficult, due to the varying range of normal vitamin D reference values, with some hospital laboratories using higher values 29. 
Recent observations have illustrated a growing number of paediatric orthopaedic patients presenting with vitamin D deficiency or insufficiency in the UK.14,15  , whilst Alemzadeh et al 16 has concluded that vitamin D deficiency is more common in childhood obesity.  The rising incidence of vitamin D deficiency has been linked to many musculoskeletal disorders, including a higher incidence of fractures in the paediatric population. 15  Parry et al 17 has highlighted the risk of poor bone healing following paediatric orthopaedic surgery in vitamin D insufficient patients and found that 90% of children admitted for orthopaedic surgery had insufficient vitamin D levels.

Each SUFE was classified in terms of stability according to Loder et al,30 judged on the ability to weight-bear or not, chronology of symptom onset and the degree of displacement from radiological measurements.  Loder et al 30 classification of slip stability was applied, where each slip was termed ‘stable’ or ‘unstable’ due to the ability to weight-bear.  The traditional classification of symptom onset chronology was also considered, with symptom duration of three weeks or less referred to as the acute stage and greater than 3 weeks termed chronic.  An acute exacerbation on a prolonged background history of symptoms was considered acute-on-chronic. 4  The degree of epiphysis displacement on the femoral neck was measured using the posterior sloping angle on the lateral pre-surgical pelvic radiographs, this was subsequently categorised as mild (0-30 degrees), moderate (30-60 degrees) or severe slips (>60 degrees).31

The increase in SUFE incidence has been acknowledged worldwide with a decrease in the age of SUFE diagnosis, 8,12 as witnessed in our study with the mean age of 11.5 years.  The prevalence of vitamin D deficiency amongst paediatric orthopaedic patients has also seen a rise. 14  Of the 27 patients, just 2 patients (7.4%)d normal vitamin D levels, 2 patients (7.4%) were vitamin D insufficient, whilst 23 patients (85.2%) were vitamin D deficient. Even those patients with sufficient vitamin D levels were only just sufficient, at 73 and 79 nmol/L respectively.

Time to physeal fusion was prolonged in our study, with a median of 25 months, IQR  17-43 months in hips of patients who were vitamin D insufficient or deficient (mean of 29 months, SD 16.8).  This compares with the literature mean value of 9.6 months among SUFE patients with no reported vitamin D deficiency. 25

This study demonstrated an association between vitamin D deficiency and time to physeal closure (fusion).  No other study has reported this finding to date.  This finding approached statistical significance (p=0.052) even among this small group of patients.  Thus, there is an indication for vitamin D screening in patients presenting with SUFE and for the early implementation of vitamin D supplementation.  There was also evidence that vitamin D deficiency was associated with a greater degree of epiphysis displacement (p=0.028), although this did not influence the relationship already observed between time to physeal fusion and vitamin D levels.   Hence, low vitamin D levels were associated with both; greater slip severity at presentation as well as prolonged time to physeal fusion, although the slip severity was not independently associated with time to physeal fusion.

Other potential confounding factors that may have influenced the association between time to physeal fusion and vitamin D levels were explored, including symptom chronology.  No such associations were found.

This study presents findings on recent consecutive patients seen in an NHS setting over a 5-year period.  As such, it is likely to be representative of the wider UK population and forms a reference group for further research. 

In this study we had a higher percentage of female patients, this goes against the grain of many other studies and the literature of a higher SUFE prevalence in males. 2,22  However, the reduction in male prevalence has been noted in other work, 12 although not to the extent where female prevalence is higher as observed in our study.

Whilst it would have been useful to have the BMI for these SUFE patients, patients’ height is not routinely measured for surgical pre-assessment at UHS.  We therefore elected to place the patients’ weight at the time of the operation on the gender and age specific growth centile chart as an indicator of weight growth.  As this was a retrospective study, ideally we would have assessed the time to physeal fusion post-surgical fixation with 6 weekly radiographs, rather than the mean eight week intervals used.

This study has highlighted the potential necessity for routine vitamin D status assessment in SUFE patients, in order to allow the implementation of early treatment with vitamin D supplementation.  It may also highlight the need to address the high prevalence of vitamin D deficiency in our paediatric population as a whole.  Vitamin D level may also affect the likeliness of slipping on the contralateral side if vitamin D is low, given that 41% of this patient population went on to develop contralateral SUFE.  The impact of vitamin D screening and supplementation on SUFE outcomes requires further research in the form of a prospective, adequately powered controlled trial.

Figure 1 Pre-operative images showing showing AP and Frog lateral views of right slipped upper femoral epiphysis.

Figure 2 Immediate post-operative AP and Frog lateral views showing single screw fixation and the open physis.

Figure 3 2 years post operation. AP and frog lateral views show that the physis remains open. The right hip has been prophylactically pinned and the epiphysis is growing off the screw.
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