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Abstract
AIM: To track the short-term neck narrowing changes in Birmingham metal-on-metal hip resurfacing (MOMHR) patients. 
METHODS: Since 2001, the Center for Hip and Knee Replacement started a registry to prospectively collect data on hip and knee replacement patients. From June 2006 to October 2008, 139 MOMHR were performed at our center by two participate surgeons using Birmingham MOMHR prosthesis (Smith Nephew, United States). It is standard of care for patients to obtain low, anteriorposterior (LAP) pelvis radiographs immediately after MOMHR procedure and then at 3 mo, 1 year and 2 year follow up office visits. Inclusion criteria for the present study included patients who came back for follow up office visit at above mentioned time points and got LAP radiographs. Exclusion criteria include patients who missed more than two follow up time points and those with poor-quality X-rays. Two orthopaedic residency trained research fellows reviewed the X-rays independently at 4 time points, i.e., immediate after surgery, 3 mo, 1 year and 2 year. Then all other patients’ X-ray will be measured.
RESULTS: The mean NPRs were 0.852 ± 0.056, 0.839 ± 0.052, 0.835 ± 0.051, 0.83 ± 0.04 immediately, 3 mo, 1 year and 2 years post-op respectively. At 3 mo, NPR was significantly different from immediate postoperative X-ray (P < 0.001). There was no difference between 3 mo and 1 year (P = 0.14) and 2 years (P = 0.53). FNN exceeding 10% of the diameter of the neck was observed in only 4 patients (5.6%) at two years follow up.  None of these patients developed a femoral neck fracture (FNF). 
CONCLUSION: Femoral neck narrowing after MOMHR occurred as early as 3 mo postoperatively, and stabilized thereafter. Excessive FNN was not common in patients within the first two years of surgery and was not correlated with risk of FNF.
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INRTODUCTION

Metal-on-metal hip resurfacing (MOMHR) was approved in the United States by the Food and Drug Administration in May 2006, buoyed by promising survivorship data from the United Kingdom[1]. This technique, primarily due to its bone conserving nature, has become an alternative to total hip arthroplasty in younger patients. Femoral neck narrowing, potentially posing as a risk factor for femoral neck fracture, is a complication unique to this type of arthroplasty; though at present, there is no consistent evidence showing correlation between neck narrowing and neck fracture after MOMHR.

The incidence of neck narrowing after MOMHR was reported from 77% to 98%[2-3]. Although the exact etiology of neck narrowing is still unknown, possible contributing factors for neck narrowing may include stress shielding, damage to the blood supply, bone necrosis in the residual femoral head, alteration in hip biomechanics or secondary to wear debris[5-12].
Spencer’s study showed neck narrowing after resurfacing may stabilize after 2 years[2]. Shimmin demonstrated that the mean time to fracture after MOMHR is 3 to 4 mo, while Cooke et al reported that bone mineral density is significantly decreased at 3 mo postoperatively and recovers back to normal thereafter[13,14]. As a result of this data it is unclear when exactly neck narrowing occurs and whether or not it had any impact as a risk factor for early femoral neck fracture with MOMHR. Thus the purpose of this study was to more closely evaluate the changes that occur in the femoral neck in MOMHR patients. We measured neck narrowing radiographically immediately after surgery and at 3 mo, 1 year and 2 years postoperatively. We hypothesized that neck narrowing occurs early after MOMHR and then stabilizes long before the 2 year time point.

MATERIALS AND METHODS 

This study was a retrospective longitudinal evaluation of prospectively collected patients’ data from the Center for Hip and Knee Replacement Registry. From June 2006 to October 2008, 139 MOMHR were carried out at our center by two senior surgeons using the Birmingham MOMHR prosthesis (Smith Nephew, Memphis, TN, United States). All operations were performed using a modified enhanced posterior soft tissue repair approach[15]. The components were fixed using an uncemented hydroxyapatite porous coated cobalt chrome acetabular component and a cemented femoral component. As a part of our standard of care, all patients had low anterior-posterior (LAP) pelvis radiographs immediately after MOMHR procedure and were advised follow-up X-rays at 3 mo, 1 year and 2 years post-operatively. All radiographs were taken with great toes in contact to maintain consistent femoral rotation.

Inclusion criteria for the present study were all patients who came back for follow up office visit at the above mentioned time points and obtained LAP radiographs. Exclusion criteria included patients who missed more than two follow up time points and those with poor-quality X-rays. Symmetry of the trochanters was evaluated qualitatively on all follow up radiographs to ensure identical femoral neck version. We had function follow up of all 139 MOMHR. None of them had femoral neck fracture or revision at 2 years time point. Seventyone hips were excluded due to lack of proper X-rays; 68 hips (61 patients) fulfilled the inclusion criteria and were included into the study. Out of these 49 (72%) were in men and 19 (28%) were in women. The mean age at the time of surgery was 50.6 ± 9.6 years, the average body mass index was 29.4 ± 5.2 kg/m2. The primary preoperative diagnosis was osteoarthritis in 53 (78%), osteonecrosis in 11 (16.2%), dysplasia in 2 (3%) and inflammatory arthritis in 2 (3%).

Neck-to-prosthesis ratio, as described by Spencer et al[2], was used as the main outcome measure. “A” is the diameter of the femoral neck exactly at the prosthesis; “B” is the diameter of the implant exactly at the level of its opening edge (Figure 1). By dividing A by B the neck-to-prosthesis ratio was calculated. The means of the ratios between the two observers was taken for statistical analysis. Neck narrowing was indicated by reduced ratio (A/B) over the period of time. Femoral neck narrowing greater than 10% was considered significant.

Two independent observers reviewed the X-rays at 4 time points, i.e., immediately after surgery, 3 mo, 1 year and 2 year. All the measurements were performed using Centricity Enterprise Web V3.0 (2006 GE Medical System) digital radiographic software. Twenty cases were used as subjects to calculate an intraclass correlation coefficient which evaluates the intra-observer and inter-observer reliability between the two observers (a value more than 0.8 was considered significant). After ensuring good reliability the remaining patients’ X-rays were analyzed.

Statistical analyses were performed using SPSS 12.0 (SPSS for Windows, Rel. 12.0.0, 2003; SPSS Inc, Chicago, Ill).  A paired t-test was used to evaluate the significant difference between different time points. A two-sided P-value < 0.05 was considered to be statistically significant.

RESULTS 

Intraclass correlation coefficient calculated to analyze the reliability of the intraobserver and interobserver radiological measurements of diameters of femoral neck and the femoral component showed significant degree of correlation (correlation coefficient = 0.924; 95%CI of 0.903-0.941) (Figures 2 and 3).

The neck-to-prosthesis ratios were 0.852 ± 0.056 immediately after surgery, 0.839 ± 0.052 at 3 mo, 0.835 ± 0.051 at 1 year and 0.83 ± 0.04 at 2 years post-operatively (Figure 4). When comparing to the immediate postoperative neck-to-prosthesis ratios, the percent change was 1.9 ± 3.2 (0.05%-12.6%) at 3 mo, 1.9 ± 4.4 (0.1%-17%) at 1 year, and 3.6 ± 4.8 (0.07%-20%) at 2 years post-operatively. At 3 mo, femoral neck narrowing was observed in 74% (48) of hips, which was significantly different from immediate postoperative X-ray (P < 0.001). Out of these 48 hips 23 were in men and 15 in women. There was no difference between neck to prosthesis ratio between 3 mo and 1 year (P = 0.14) and between 1 year and 2 years (P = 0.53). Excessive femoral neck narrowing, i.e., narrowing that exceeded 10% of the diameter of the neck, was observed in only 4 patients at two years follow up. None of these patients developed a femoral neck fracture.

DISCUSSION

This aim of this study was to evaluate the short term femoral neck narrowing after MOMHR. To the best of our knowledge, this is the first longitudinal evaluation of time related femoral neck narrowing after MOMHR focusing on short term outcome. Previous studies have focused on neck narrowing at 2 years or more, and their results have consistently reported absence of significant neck narrowing after 2 years post-operatively[1-4,16]. Spencer et al[2] reported that neck narrowing occurs within the first 2 years after surgery with no significant progression observed to a follow up of 7 years. Hing et al[4] showed that there was no statistically significant difference between the neck diameter at 3 years and 5 years indicating that thinning had stabilized previous to the 3 years time point.  Joseph et al[3] also found no significant neck thinning after 2 years. Results of our study demonstrate that femoral neck narrowing after Birmingham MOMHR prosthesis occurs as early as 3 mo postoperatively and the NPR stabilizes thereafter (Figure 5). Our results of early neck narrowing may be supported by observations of Cooke et al[14] who found that bone mineral density changes after resurfacing are mainly confined to femoral neck and that it reduces by 3 mo post-operatively but is recovered to normal by 12 mo with no significant change thereafter.

The incidence of neck narrowing in our cohort was 74% (48 hips). This was similar to what Hing et al[4] observed (125 hips; 77%) in their study on 163 Birmingham Hip Resurfacing arthoplasties but was less than that reported by Spencer et al[2] who found neck narrowing in 90% of prosthesis at 2 years post operatively. It is possible that the uncemented implant used in that study may result in a different loading pattern as compared to BHR. Joseph et al. did a comparative study examining both the Cormet 2000 in 35 cases and Birmingham Hip Resurfacing in 26 cases[3]. They observed neck narrowing in 98 % (60/61) of cases but found no statistical difference in the measurements between the two implant types. We also noticed that 15 out of 19 female had neck narrowing, while only 23 out of 49 male did (P = 0.017). One of the possible reason might be the femoral neck of female was significantly narrower than male. In our group the femoral neck diameter were 44.0 mm ± 3.5 mm and 37.7 mm ± 3.6 mm for male and female respectively. While the stem diameter of the femoral component is the same in spite of the size of the component, these results in the stem to neck ratio in female are greater than male. However, further researches were needed to investigate the effect of femoral neck diameter on neck narrowing.

   Although the exact etiology of neck narrowing is still unknown, possible contributing factors for neck narrowing may include stress shielding, damage to the blood supply, bone necrosis in the residual femoral head, alteration in hip biomechanics or secondary to wear debris.

In the current literature, bone remodeling secondary to stress shielding after hip resurfacing has been studied by several finite element analyses[7-9]. Although bone remodeling is a feature of normal bone metabolism, hip resurfacing may result in stress shielding with resorption and narrowing of the femoral neck resulting from altered load. We believe that this resorption stabilizes by 3 mo; however, it requires further investigation. 

Changes in blood supply to femoral head after hip resurfacing is controversial. Steffen et al[5] demonstrated compromised blood supply to the femoral head during hip resurfacing. Also, notching of the femoral neck during surgery has been shown to cause a reduction in blood flow of 50%[6]. In the retrieval analysis of failed Birmingham or Cormet resurfacing, Little et al[17] observed evidence of osteonecrosis in all but one case at revision. However, Howie et al[18] and Campbell et al[19] reported that retrieved femoral head maintained good blood supply and that avascular necrosis of femoral head is not a common cause of failure of resurfacing. The reason for this difference in observation may be attributed to different histological criteria used for determining osteonecrosis. It is still unclear if changing of blood supply plays a role in neck narrowing. 

It has been shown that metal-on-metal articulations if malpositioned cause increased wear rates[10]. This wear induced debris can cause an inflammatory reaction and subsequent osteolysis which leads to neck thinning[10-12]. Also, in some patients hypersensitivity due to metal ion release may be a cause of neck thinning[20].
Although the clinical significance of neck narrowing is still unknown, the main concern is whether it could be predictive of future risk of femoral neck fractures. There is no consistent evidence in the literature showing that neck narrowing can lead to fracture. Shimmin did a national review of 3497 Birmingham hips which were inserted by 89 surgeons. Fracture of the femoral neck occurred in 50 patients, an incidence of 1.46%. They also found out that the mean time to fracture was 15.4 wk postoperatively. In our cohort, though we observed a 74% rate of neck narrowing, we did not have any fracture cases and therefore, we were not able to evaluate if there is correlation between neck narrowing and fracture.

We note the limitations of this study. First, as in all previous studies, we did not assess femoral neck narrowing in the sagittal plane.  Computed tomography scan or roentgen stereophotogrammetric analysis may provide more accurate information; however, routine use of these methods on every resurfacing patient was not performed for this investigation. Our measurements were recorded using digital radiographs which may have improved our accuracy compared to previous studies done using a conventional radiography[1,2,16]. To reduce errors, all observations were made twice by two independent observers and all values were expressed as ratios. Similar to previous studies, we showed that this method of measuring neck-prosthesis ratio is statistically reliable. We had an intraclass correlation coefficient of 0.924. Second, this is a retrospective study. Only 68 out of 139 patients fulfilled the inclusion criteria. Although 96% (65/68) and 93% (63/68) patients had 3-mo and 1-year data, only 51% (35/68) had 2-year data. Selection bias may affect the result. Thirdly, the sample size of this study is relatively small. Potentially, this study could be under powered. 

In conclusion, our study shows that neck narrowing occurs as early as 3 mo after MOMHR and is generally not progressive for up to 2 years as was previously believed. This pattern of early neck narrowing may be explained by bone adoption to initial stress shielding of the neck below the implant. Further study is required to determine the exact cause of this early neck narrowing. In our study, thinning of the femoral neck did not progress to any adverse clinical consequences and we are currently unsure of its clinical significance. It still remains to be seen whether patients with femoral neck narrowing may be more susceptible to femoral neck fracture.

COMMENTS

Background

Metal-on-metal hip resurfacing (MOMHR) was approved in the United States by the Food and Drug Administration in May 2006, buoyed by promising survivorship data from the United Kingdom. This technique, primarily due to its bone conserving nature, has become an alternative to total hip arthroplasty in younger patients. Femoral neck narrowing, potentially posing as a risk factor for femoral neck fracture, is a complication unique to this type of arthroplasty.

Research frontiers

The incidence of neck narrowing after MOMHR was reported from 77% to 98%. Although the exact etiology of neck narrowing is still unknown, possible contributing factors for neck narrowing may include stress shielding, damage to the blood supply, bone necrosis in the residual femoral head, alteration in hip biomechanics or secondary to wear debris. As a result of this data it is unclear when exactly neck narrowing occurs and whether or not it had any impact as a risk factor for early femoral neck fracture with MOMHR.

Innovations and breakthroughs
This study was to more closely evaluate the changes that occur in the femoral neck in MOMHR patients. The authors measured neck narrowing radiographically immediately after surgery and at 3 mo, 1 year and 2 years postoperatively. The authors hypothesized that neck narrowing occurs early after MOMHR and then stabilizes long before the 2 year time point.

Applications 

This pattern of early neck narrowing may be explained by bone adoption to initial stress shielding of the neck below the implant. In this study, thinning of the femoral neck did not progress to any adverse clinical consequences and we are currently unsure of its clinical significance. It still remains to be seen whether patients with femoral neck narrowing may be more susceptible to femoral neck fracture.
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The manuscript is very interesting and can be accepted with minor corrections that are reported through the text.  
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Figure 1 Radiograph showing measurement of Femoral Neck and Prosthesis. A: Neck-to-prosthesis ratio was calculated by dividing the femoral neck diameter at the prosthesis; B: Neck-to-prosthesis ratio was calculated by the diameter of the prosthesis at the opening edge.
Figure 2 Inter-rater reliability comparison graph of paired femoral neck measurements.
Figure 3 Inter-rater reliability graph of paired prosthesis measurements.
Figure 4 Neck-prosthesis ratio at follow-up (a) indicates significant change in NPR from immediate post-op to 3 mo postoperatively.

Figure 5 Femoral neck narrowing after Birmingham metal-on-metal hip resurfacing prosthesis occurs as early as 3 mo postoperatively and the NPR stabilizes thereafter. A: Immediate post op X-ray; B: Cirle showing neck narrowing at 3 mo postoperatively.
