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Aim: To investigate factors associated with postoperative avascular necrosis of the femoral head (ANFH) in developmental dysplasia of the hip (DDH) patients, and if or how the associations varied among different subpopulations of age, sex and surgical method.



Methods: Patients with DDH were enrolled between October 31, 2016 and July 15, 2020 in this retrospective cohort study. The average follow-up time was 21.42 ± 10.02 months. The outcome was postoperative ANFH. The main study variables were the DDH classification, Tonnis grade, International Hip Dysplasia Institute (IHDI) classification, and preoperative traction. Multivariate logistic regression was employed to assess the associations between main study variables and postoperative ANFH. Subgroup analysis was carried out based on age at reduction, sex and surgical method. Odds ratio (ORs) and 95% confidence intervals (CIs) were calculated.



Results: A total of 427 children with DDH were included, with 92 (21.55%) in the ANFH group, and 335 (78.45%) in the non-ANFH group. DDH classification was positively correlated with the risk of postoperative ANFH (OR = 4.14, 95% CI, 1.08–15.77, P = 0.038). Children with preoperative traction had a significantly decreased risk of postoperative ANFH in contrast to those without preoperative traction (OR = 0.37, 95% CI, 0.22–0.61, P < 0.001). Children aged 1–3 years who received preoperative traction has a significantly reduced risk of postoperative ANFH than those who did not receive preoperative traction (OR = 0.28, 95% CI, 0.15–0.51, P < 0.001). For children aged >3 years, positive association was found between DDH classification and the risk of postoperative ANFH (OR = 3.75, 95% CI, 1.51–9.31, P = 0.004). Girls with a more severe DDH type had a significantly higher risk of postoperative ANFH (OR = 3.80, 95% CI, 1.80–8.02, P < 0.001). Receiving preoperative traction was associated with a significantly decreased risk of postoperative ANFH in girls (OR = 0.37, 95% CI, 0.22–0.61, P < 0.001). For children undergoing open reduction, DDH classification was positively associated with the risk of postoperative ANFH (OR = 3.01, 95% CI, 1.65–5.50, P < 0.001), and those with preoperative traction had a lower risk of postoperative ANFH compared with those without preoperative traction (OR = 0.35, 95% CI, 0.20–0.61, P < 0.001).



Conclusion: DDH classification and preoperative traction were associated with the risk of postoperative ANFH, and these associations varied across DDH patients with different ages, sexes and surgical methods.
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Introduction

Developmental dysplasia of the hip (DDH), featured by an abnormal anatomical relationship between the femoral head and the acetabulum, is one of the most common developmental deformities of the lower extremities and one of the primary causes of future osteoarthritis and hip arthroplasty (1, 2). DDH includes a wide range of hip alterations: neonatal instability; acetabular dysplasia; hip subluxation; and true dislocation of the hip. The treatment of DDH generally includes closed reduction and open reduction, which depends on individual patient characteristics (3). Avascular necrosis of the femoral head (ANFH) is the most serious complication and is related to: an excessive abduction of the hip; a force closed reduction when obstacles for reduction are present; a maintained dislocated hip within the harness or spica cast; and a surgical open reduction (4). ANFH is characterized by apoptosis of osteocytes, leading to bone collapse and subsequent involvement of the overlying cartilage, causing flattening of the head surface and the eventual development of secondary osteoarthritis (5, 6).

Risk factors associated with ANFH have been investigated. The degree of hip dislocation (Tonnis classification) (7), traction, age (8), and adductor release (9) were reported as risk factors for ANFH in children with DDH treated by closed reduction. In patients treated with closed reduction younger than 6 months of age, abduction ≥50° was associated with an increased risk of ANFH (8). For the patients older than 10 months, the higher preoperative IHDI grade (IHDI IIII-IV) was a significant risk factor for ANFH (10). Segal et al. (11) showed no significant difference in the occurrence of ANFH with respect to preliminary traction and closed vs. open reduction among children less than 12 months old. According to a previous analysis, children aged <3 years after open reduction exhibited a greater risk of ANFH than those receiving closed reduction (12). A higher rate of ANFH was demonstrated when open reduction was performed in children aged <12 months (13). As indicated above with small sample sizes, the associations between the identified risk factors and ANFH may vary in DDH patients with different ages. Besides, sex and surgical method (closed and open reduction), relating to the risk of ANFH (8, 14), should also be considered when evaluating the risk factors of ANFH, which lacks research at present.

This study aimed to investigate the influencing factors of postoperative ANFH in DDH patients, and if or how the associations varied among different subpopulations of age, sex and surgical method.



Methods


Study population

Patients with DDH were enrolled from Nanjing Children's Hospital Affiliated to Nanjing Medical University between October 31, 2016 and July 15, 2020 in this retrospective cohort study. The institutional review board of the hospital approved the study (ethics approval number: 201607025-1). All the patients provided informed consent. The study was performed in accordance with the Declaration of Helsinki. Inclusion criteria were as follows: (1) children aged 0–6 years; (2) patients diagnosed with DDH through medical history, physical examination and x-ray films; (3) patients with complete anteroposterior pelvic radiograph and hip MRI imaging data; (4) patients with no other diseases in the unaffected hip; and (5) patients with complete clinical, laboratory examination and follow-up data. Exclusion criteria: (1) patients with neuromuscular hip dislocation, deformed hip dislocation, and congenital polyarticular contracture hip dislocation; (2) patients with other diseases that affect the development of the hip, such as congenital clubfoot, sequelae of poliomyelitis, and cerebral palsy; (3) patients with serious primary diseases, such as hematopoietic system, and cardiovascular and cerebrovascular diseases, mental patients, and patients with abnormal results of liver and kidney function tests; (4) patients with coagulation dysfunction; (5) patients with preoperative ANFH or a history of preoperative femoral head surgery or heart disease; (6) patients who did not cooperate, could not be contacted after discharge, or refused to be followed up; or (7) patients with unclear surgical methods.



Follow-up

The patients went to the orthopedic outpatient department for regular review after discharge. The follow-up interval was 1 month for the first 3 months after discharge, 3 months for the next 9 months, and six months after one year. The average follow-up time was 21.42 ± 10.02 months, and the median follow-up time was 20.07 (13.40–27.80) months.



Data collection

The outcome was postoperative ANFH. The main study variables were the DDH classification (I, II, III), Tonnis grade (I + II, III + IV) (15), International Hip Dysplasia Institute (IHDI) classification (I, II, III, IV) (16), and preoperative traction. DDH was classified into three types: type I was hip dysplasia, type II was subluxation of the hip, and type III was complete dislocation of the hip.

Other variables were also collected, including age at diagnosis (years), age at reduction (years), sex, nationality (Han, other), weight (kg), dislocation side (bilateral, right, left), surgical method (closed reduction, open reduction; closed reduction, Salter pelvic osteotomy + proximal femoral osteotomy, Salter pelvic osteotomy—proximal femoral osteotomy), left acetabular index (degree), right acetabular index (degree), left femoral neck anteversion (FNA), right FNA, left center edge (CE) angle, right CE angle, left collo-diaphyseal angle (CDA), right CDA, ossific nucleus (no, yes), preoperative traction (no, yes), operation time (min), intraoperative blood transfusion (no, yes), adductor muscle release (no, yes), ossification center development (necrotic and deformed; basically normal, small, small and the contralateral femoral head being necrotic and deformed, delayed and absent). An acetabular index was defined as the angle formed by the line between the Y-shaped cartilage centers on both sides and the line between the upper and lower edges of the acetabular surface on the anteroposterior pelvic radiograph, indicating the degree of acetabular development. An FNA was defined as the angle formed by the coronal plane of the femoral neck and the coronal plane of the femoral condyle. A center edge (CE) angle was defined as the angle formed by the line from the center of the femoral head to the outer upper edge of the acetabulum and the perpendicular line through the center of the femoral head in the anteroposterior pelvic radiograph. A CDA was defined as the angle between the longitudinal axis of the femoral shaft and the inner and lower part of the femoral neck axis. A small ossification center was defined as: (1) if the unilateral side was affected, the diameter of the affected side was significantly smaller than that of the healthy side; (2) if both sides were affected, it was smaller than the normal ossification center for the same age. Data were measured by two radiologists and a clinical attending physician in our hospital who had more than five years of clinical work experience, and were qualified after unified training for data measurement. The average values of the measured data from the three persons were taken to reduce measurement errors.



Statistical analysis

Continuous data with normal distribution were described as the mean ± standard deviation (Mean ± SD), and the t test was used for intergroup comparisons. Continuous data with skewed distribution were expressed as the median and quartile [M (Q1, Q3)], and comparisons of groups were conducted using the Wilcoxon rank sum test. Categorical data were shown with the number of cases and constituent ratio [n (%)], and between-group comparisons were subjected to the χ2 test or Fisher's exact test. The included patients were divided into groups with and without postoperative ANFH (ANFH group and non-ANFH group). Univariate logistic regression was used to screen for potential confounders associated with postoperative ANFH. Then multivariate logistic regression was employed to assess the associations between main study variables (DDH classification, Tonnis grade, IHDI classification, preoperative traction) and postoperative ANFH. Age at reduction, sex, DDH classification, Tonnis grade, IHDI classification, surgical method, and preoperative traction were adjusted for. For example, when analyzing the effect of age at reduction on postoperative ANFH, we adjusted for sex, DDH classification, Tonnis grade, IHDI classification, surgical method, and preoperative traction. Since surgical open reduction of the femoral head may affect the blood supply of the femoral head (17), we also analyzed the association between surgical methods and postoperative ANFH via multivariate analysis. Subgroup analysis was carried out based on age at reduction (<1, 1–3, >3 years), sex and surgical method (closed reduction, open reduction) to further explore whether or how the above associations varied among different subgroups. Odds ratio (ORs) and 95% confidence intervals (CIs) were calculated. SAS v 9.4 (SAS Institute Inc., Cary, NC) was adopted for statistical analysis. All statistical tests were two-tailed, and P < 0.05 indicated statistically significant.




Results


Patient characteristics

After excluding patients aged >6 years (n = 16), and patients with preoperative ANFH (n = 3), a history of preoperative femoral head surgery or heart disease (n = 10), and unclear surgical methods (n = 79), a total of 427 patients with DDH were include in this study, with 92 (21.55%) in the ANFH group, and 335 (78.45%) in the non-ANFH group. Figure 1 presents the screening process of the study population. Age at diagnosis and reduction was 1.25 (1.00, 1.50) and 1.58 (1.30, 2.42) years, respectively. Based on age at reduction, 71 (16.63%) children were <1 year old, 275 (64.40%) were 1–3 years old, and 81 (18.97%) were >3 years old. Thirty-four (7.96%) patients were boys, and 393 (92.04%) were girls; 107 (25.06%) received closed reduction, and 320 (74.94%) received open reduction. The features of the included patients are presented in Table 1. More patients had type-III DDH in the ANFH group vs. non-ANFH group (93.48% vs. 80.60%, P = 0.007). The Tonnis grade of the ANFH group was significantly higher than that of the non-ANFH group (P = 0.031). Significant differences were also found in the IHDI classification, preoperative traction and surgical method between the two groups (all P < 0.05).


[image: Figure 1]
FIGURE 1
Flow chart of study population screening.DDH, developmental dysplasia of the hip; ANFH, avascular necrosis of the femoral head.



TABLE 1 Characteristics of the included patients with DDH.
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Variables associated with postoperative ANFH

According to univariate logistic regression analysis, the DDH classification, Tonnis grade, IHDI classification, and preoperative traction were in significant associations with postoperative ANFH. DDH classification was positively associated with the risk of postoperative ANFH (OR = 2.36, 95% CI, 1.32–4.24, P = 0.004). Compared with patients with the Tonnis grades I + II, those with the Tonnis grades III + IV had increased risk of postoperative ANFH (OR = 1.66, 95% CI, 1.04–2.65, P = 0.032). The risks of postoperative ANFH were significantly greater in children with the IHDI types II (OR = 3.53, 95% CI, 1.02–12.27, P = 0.047), III (OR = 3.66, 95% CI, 1.07–12.50, P = 0.039) and IV (OR = 7.27, 95% CI, 2.06–25.63, P = 0.002) vs. the IHDI type IV. Receiving preoperative traction was associated with a lower risk of postoperative ANFH (OR = 0.50, 95% CI, 0.32–0.80, P = 0.004) (Table 2).


TABLE 2 Variables associated with postoperative ANFH.
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Influencing factors of postoperative ANFH

After multivariate analysis, DDH classification was shown to be in a positive correlation with the risk of postoperative ANFH (OR = 4.14, 95% CI, 1.08–15.77, P = 0.038). Children with preoperative traction had a significantly decreased risk of postoperative ANFH in contrast to those without preoperative traction (OR = 0.37, 95% CI, 0.22–0.61, P < 0.001). A comparable risk of postoperative ANFH was observed in patients with the Tonnis grades I + II and III + IV (P = 0.781). The IHDI type IV related to a similar risk of postoperative ANFH to the IHDI types II, III and IV (all P > 0.05) (Table 3).


TABLE 3 Influencing factors of postoperative ANFH.
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Association of DDH classification and preoperative traction with postoperative ANFH in age at reduction subgroups

As illustrated in Table 4, children aged 1–3 years who received preoperative traction has a significantly reduced risk of postoperative ANFH than those who did not receive preoperative traction (OR = 0.28, 95% CI, 0.15–0.51, P < 0.001). For children aged >3 years, positive association was found between DDH classification and the risk of postoperative ANFH (OR = 3.75, 95% CI, 1.51–9.31, P = 0.004).


TABLE 4 Association of DDH classification and preoperative traction with ANFH in age at reduction subgroups.
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Association of DDH classification and preoperative traction with postoperative ANFH in sex subgroups

Girls with a more severe DDH type had a significantly higher risk of postoperative ANFH (OR = 3.80, 95% CI, 1.80–8.02, P < 0.001). Receiving preoperative traction was associated with a significantly decreased risk of postoperative ANFH in girls (OR = 0.37, 95% CI, 0.22–0.61, P < 0.001) (Table 5).


TABLE 5 Association of DDH classification and preoperative traction with postoperative ANFH in sex subgroups.

[image: Table 5]



Association of DDH classification and preoperative traction with postoperative ANFH in surgical method subgroups

For children undergoing open reduction, DDH classification was positively associated with the risk of postoperative ANFH (OR = 3.01, 95% CI, 1.65–5.50, P < 0.001), and those with preoperative traction had a lower risk of postoperative ANFH compared with those without preoperative traction (OR = 0.35, 95% CI, 0.20–0.61, P < 0.001) (Table 6).


TABLE 6 Association of DDH classification and preoperative traction with postoperative ANFH in surgical method subgroups.
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Discussion

The current study first evaluated the associations of DDH classification and preoperative traction with the risk of postoperative ANFH by age at reduction (<1, 1–3, >3 years), sex and surgical method (closed reduction, open reduction). We found that for children aged 1–3 years, preoperative traction was associated with a significantly reduced risk of postoperative ANFH, and for children aged >3 years, DDH classification was positively associated with the risk of postoperative ANFH; among girls, those with a more severe DDH type had a significantly higher risk of postoperative ANFH, and preoperative traction was correlated with a significantly decreased risk of postoperative ANFH; regarding children undergoing open reduction, DDH classification was in a positive association with the risk of postoperative ANFH, and those with preoperative traction had a lower risk of postoperative ANFH than those without. The associations were not significant in other subgroups of age at reduction, sex and surgical method.

Bradley et al. (18) showed 10% overall rate of significant ANFH following closed reduction. In another study, the rate of ANFH was 11%–18% among children of walking age under 18 months old with closed reduction for DDH (9). A meta-analysis showed 73 cases (36%) of ANFH after open reduction and 80 (21%) after closed reduction (12). This study reported an approximately 21.6% rate of ANFH, which considered both closed and open reduction (including Salter pelvic osteotomy with/without proximal femoral osteotomy). At present, evidence on the relationship between DDH classification and the risk of postoperative ANFH is limited. The current study found that DDH classification was positively associated with the risk of postoperative ANFH. When DDH classification was higher, the femoral head was in a high dislocation state before operation, which could result in obvious pathological changes of the hip joint. Complex operation, increased operation time, increased collateral damage, especially the possibility of damage to the blood supply of the femoral head, poor matching of the femoral head and acetabulum, increased pressure of the femoral head and acetabulum after reduction, and sudden changes in the internal mechanical environment of the hip after operation may lead to an increase in the incidence of osteonecrosis. According to a prior meta-analysis by Li et al. (19), preliminary traction does not decrease the incidence of ANFH in DDH treated by closed reduction between 6 and 24 months of age, while our study demonstrated that preoperative traction was associated with a reduced risk of postoperative ANFH. Only one Chinese study on 385 patients was included in the former meta-analysis, and more research is necessitated to validate the association between preoperative traction and postoperative ANFH among patients with DDH. In this study, the traction method was skin traction, the traction direction was the trunk direction, and the hip and knee joints were extended. The feet of the bed were raised to form a 15–30 degree angle between the bed level and the horizontal plane. The applied weight was about 1.5–3 kg (1/7–1/10 of the body weight), and the traction lasted for 2–3 weeks. Preliminary traction may lower the risk of ANFH by reducing the tightness of the hip musculature. Similarly, effective preliminary traction was shown to reduce the incidence of ANFH in patients surgically treated for congenital dislocation of the hip, and the age of patients affected the effectiveness of traction (20).

Age at reduction has been reported to correlate with the occurrence of ANFH (21, 22). Children with developmental dysplasia of the hip, less than 1 year old, can be treated conservatively with closed reduction. The success rate of closed reduction in children aged 1 year and more gradually decreases and the possibility of open reduction increases. The degree of dislocation of the femoral head in children aged 1–3 years is not high, and the pressure of the femoral head is not great after the reduction. Most of them do not need proximal femoral osteotomy. Children over 3 years of age often have high dislocation of the hip joint, large anteversion angle, difficulty in forced reduction, instability of the hip joint, or excessive pressure on the femoral head, leading to necrosis of the femoral head, so proximal femoral osteotomy is often performed during the operation. Salter pelvic osteotomy, the main surgical method used in this study, is usually performed in children aged 6 years and less. Thus, we considered children aged 0–6 years, and conducted subgroup analysis based on age at reduction of <1, 1–3 and >3 years. Given the role of age at reduction, we further found that for children aged 1–3 years, preoperative traction was in a negative association with the risk of postoperative ANFH, and for children aged >3 years, DDH classification was positively associated with the risk of postoperative ANFH. In this study, children aged 18 months and less underwent closed reduction, and children aged more than 18 months underwent open reduction. Salter pelvic osteotomy was performed for those who were more than 18 months old, had a proper ratio of the femoral head and acetabulum, and had an acetabulum index less than 45. All children older than 3 years underwent open reduction. Hence, more studies are needed to investigate the effect of the different surgical methods after 3 years old on the outcome. Appropriate treatments should be applied depending on the age of patients (23). Schur et al. (8) found that the risk of ANFH was affected by sex. According to this paper, among girls, a more severe DDH type was associated with a significantly higher risk of postoperative ANFH, and preoperative traction was correlated with a significantly decreased risk of postoperative ANFH, while no relationships were identified between DDH classification and preoperative traction and the risk of ANFH in boys. Surgical open reduction of the femoral head may affect the blood supply of the femoral head (17). The operation of open reduction is complex, operation time is long, and the collateral injury, especially injury to the blood supply nutrient arteries of the femoral head such as the medial femoral circumflex artery, may negatively affect the blood supply of the femoral head (24). We demonstrated via multivariate analysis that closed reduction and open reduction had comparable effects on the incidence of osteonecrosis. For children under 3 years old with DDH, open reduction alone is most likely to be the treatment with the highest incidence rate of ANFH, followed by open reduction combined with osteotomy, and closed reduction is the least likely to cause ANFH (14), suggesting that the association of DDH classification and preoperative traction with the risk of ANFH may vary in DDH patients with closed and open reduction. Then we explored this potential variation across closed and open reduction populations, and demonstrated that for children undergoing open reduction, DDH classification was positively associated with the risk of postoperative ANFH, and those with preoperative traction had a lower risk of postoperative ANFH than those without. Based on these findings, clinicians may identify patients at a risk of postoperative ANFH in age, sex and surgical method subgroups, and take corresponding interventions to prevent and control the risk.

This study enrolled 427 patients, and focused on the associations of DDH classification and preoperative traction with the risk of postoperative ANFH as regards age at reduction, sex and surgical method. Nevertheless, several limitations should not be ignored when interpreting the findings. First, this study was a single-center retrospective study, which had a relatively poor sample representation and limited patient data. Global decreased enhancement of the femoral head, redislocation, and surgical treatment without femoral shaft shortening were found to be risk factors for postoperative ANFH (25–27). Since the retrospective nature of this study, some data cannot be obtained at present, and more factors need to be evaluated in the future. Second, the follow-up time was relatively short, whereas this follow-up time was sufficient to determine whether ANFH occurred. Third, since the surgery was not performed by the same surgeon, differences were inevitable, but all surgeons were qualified and experienced.



Conclusion

For children aged 1–3 years, preoperative traction was associated with a significantly reduced risk of postoperative ANFH, and for children aged >3 years, DDH classification was positively associated with the risk of postoperative ANFH; among girls, those with a more severe DDH type had a significantly higher risk of postoperative ANFH, and preoperative traction was correlated with a significantly decreased risk of postoperative ANFH; regarding children undergoing open reduction, DDH classification was in a positive association with the risk of postoperative ANFH, and those with preoperative traction had a lower risk of postoperative ANFH than those without. Future investigations are needed to verify these findings.
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