Late reduction in congenital dislocation of the hip and the need for secondary surgery: radiological predictors and confounding variables.
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Abstract
Background: Despite early recognition and appropriate treatment of congenital dislocation of the hip, there are a number of cases that subsequently require further surgery to prevent progressive dysplasia, instability and eventual early osteoarthritis. This study aimed (1) to determine the incidence of pelvic osteotomy (PO) following late open (OR) or closed (CR) reduction for failed initial conservative treatment or late presentation; (2) study potential radiological predictors of those that will require a secondary procedure; (3) evaluate the effect of potential confounding variables including age of reduction, Pavlik harness treatment and surgical experience on PO rate.

Methods: All cases of CDH that presented late or had failed conservative treatment with subsequent late open vs. closed reductions, performed during 1988-2003, by the lead surgeon were included. Dislocations secondary to neuromuscular causes or teratological were excluded. Intraoperative arthrograms confirmed concentric or eccentric reduction and determined subsequent intervention. The AP pelvis plain radiograph was used to measure the height of dislocation, as described by Tonnis, and monitor Acetabular index, and ossific nucleus width and height post reduction.
Results: Following 134 OR’s, 24 hips (19%, 95%CI: 16-23%) later required a pelvic osteotomy compared to 59 out of 104 hips (58%, 95%CI: 49–68%) in the CR cohort. There was no statistical difference in avascular necrosis (AVN) rates between late OR (10.9%, 95%CI: 4.8-17%) and CR (11.4%, 95%CI: 5.8-17%). AI was a reliable predictor for the need of subsequent PO becoming significantly different in those that did (PO group) and did not (non PO group) require further surgery approximately 1.5 yrs post reduction. There was no difference in the ON development following reduction in both PO and non PO groups. PO requirement was not affected by previous failed Pavlik harness treatment but did change with ongoing surgical experience. 

Late OR produced the lowest secondary procedure rate without an increase in the incidence of AVN. There is a learning curve to this procedure that will affect these outcomes.
Level of Evidence: Level III (Case-control study)

INTRODUCTION

The fundamental aim of treatment of CDH remains the ability to obtain and maintain a concentrically reduced hip, with minimal morbidity, and subsequent normal acetabular and proximal femoral development, so as to minimise the requirement for secondary procedures later in childhood or even adolescence.

Proponents of early reduction argue that maximal osseous remodelling of the hip occurs within the first year of life1,2 and a delay in the reduction of a dislocated hip, in order to visualise the ossific nucleus of the femoral head, could have a negative impact on the development of the hip and therefore increase the need for future operations in order to normalise the anatomy of the hip joint3. If the development of the acetabulum and the femoral head is estimated to be insufficient, secondary reconstructive procedures in the form of either a pelvic or femoral osteotomy may be needed to correct residual hip dysplasia.

Proponents of late reduction (i.e. with the appearance of the ossific nucleus or by 12 months of age) argue that pre ossification, the immature chondroepiphysis contains cartilage canals with end arteriolar vessels vulnerable to compression, while the appearance of the ossific nucleus is associated with the formation of an anastomotic vascular supply that is less susceptible to compressive injury 4 and therefore more robust to the insult of closed manipulation or open surgery with a subsequent lower incidence of avascular necrosis (AVN)5,6,7. Severe AVN remains an irreversible condition in children and a devastating complication. Several clinical and laboratory studies have now demonstrated the fragile nature of the unossified capital femoral epiphysis to compressive ischaemic injury6,5,8,9. Based on this evidence it is the protocol by the lead surgeon to perform an open / closed reduction with appearance of the ossific nucleus or by 12 months of age.

The purpose of this study was; (1) to determine the incidence of secondary procedures (pelvic osteotomy, PO) in those patients who had undergone intentional late open or closed reduction following failed initial conservative treatment or non intentional late open or closed late reduction of the hip as a result of late presentation, to provide essential information to adequately inform and counsel parents of prognosis and outcome; (2) study potential radiological predictors of those that will require a secondary procedure; (3) assess and analyse the effect of potential confounding variables including age of reduction, Pavlik harness treatment and surgical experience on pelvic osteotomy rate following open reduction.
MATERIALS AND METHODS

Patients

All cases of CDH that presented late or had failed conservative treatment with subsequent late open vs. closed reductions, performed during 1988-2003, by the lead surgeon (NMPC), were included in the study. Dislocations that were secondary to neuromuscular causes or were teratological were excluded. Patient demographics including sex, side (including bilateralism), along with risk factors for CDH (first born, family history, breech position) and the use of Pavlik harness treatment were collated. 
Treatment

All procedures were performed or supervised by the lead author. Following either failed conservative treatment with the Pavlik harness (demonstrated by the inability to obtain a concentric reduction after 3-4 weeks) or late presentation, ultrasound examination of the hips were performed at 6 weekly intervals until there was sonographic evidence of an ossific nucleus within the femoral head. All cases underwent a week of preoperative gallows traction. The operative protocol for all patients included an adductor tenotomy, followed by an arthrogram and gentle manipulation. A closed reduction was deemed to have been achieved if the reduction was concentric (confirmed with arthrography), and stable (ie remained concentric) within a satisfactory zone of safety (the arc between the angle of abduction that can be attained comfortably and the angle that allows redislocation: >300).

Open reduction was performed via an anterior approach incorporating a psoas tenotomy and a conventional capsulorraphy. Open surgery included routine excision of the ligamentum teres, division of the inferior transverse ligament, and eversion of the limbus where necessary. A hip spica cast was applied for 6 weeks after open reduction and for 3 months after closed reduction, with a plaster change at 6 weeks. The hips were immobilised in 100 degrees of flexion and 40 to 60 degrees of abduction. Thereafter, abduction broomstick plasters were applied for 6 weeks and abduction night splints were deployed for as long as tolerated. The patients were reviewed for clinical and radiological assessment initially at 3 monthly intervals for the first year, 6 monthly intervals for the next 2 years and annually thereafter. (Figure 1).
Radiological assessment


Radiographs taken pre open vs. closed reduction and intraoperative arthrogram images were recorded to confirm concentric or eccentric reduction. The AP pelvis plain radiograph was used to measure the height of dislocation, as described by Tonnis, and graded accordingly (Grade 1: cartilaginous head of the femur is laterally displaced by no more than 2/3 of its width, relative to the superior bony rim of the acetabulum. Grade 2: the femoral head is laterally displaced by more than 2/3 of its width. Grade 3: femoral head is displaced upward by more than 1/3 of its height relative to the cartilaginous rim of the acetabulum. Grade 4: the femoral head is completely dislocated and is separated from the acetabulum by the labrum or the constricted capsule). This was used to determine the correlation between (1) the height of the dislocation and the need for either open or closed reduction and (2), the height of the dislocation and the need for a PO.


Predictors of requirement for a pelvic osteotomy: Radiological measurements included the acetabular index (AI) and the ossific nucleus (ON) width and height (medial and lateral thirds) of both hip joints. The femoral head width was measured by drawing a line along the inferior border of the epiphysis. This was divided into thirds and lines perpendicular to the base were used to measure medial and lateral third heights (mm). These measurements were taken at 6 monthly intervals and were performed by two independent observers. The trend of change in the acetabular index and ossific nucleus width and height following open or closed reduction in both groups that did and did not require a PO, along with comparison to the contralateral side (bilateral cases excluded) was determined to assess their potential as radiological predictors for the need for further surgery.
Confounding variables

Age of reduction: The mean age of reduction in patient groups who did and did not require a PO was determined.

Pavlik harness treatment: The proportion of failed initial Pavlik harness treatment was determined separately in open and closed reduction cases and PO and non PO groups to establish any effect on the rate of open procedures and secondary procedures performed.

Surgical experience: An established method (cumulative sum method, CUSUM) used in industry to observe quality control and medicine to describe surgical learning curves 10,11 was utilised. The cumulative percentage of satisfactory outcomes following open reduction was collated with a satisfactory outcome defined as no need for further surgery (PO).
Complications


Complications following open or closed reductions were collated. These included AVN, superficial or deep infection, nerve palsy and revision open reduction for subsequent subluxation / dislocation. AVN was graded according to Kalamachi and MacEwen12 with grade I reflecting changes to the epiphysis, grade II indicating involvement of the lateral part of the growth plate; grade III indicating central physeal damage and grade IV indicating an injury to the entire physis and epiphysis. Grades II-IV were considered to reflect AVN in this study.
Results

Between 1988-2003, 238 open vs. closed reductions were performed. Of these 197 were female and 41 were male, with a predominance of left sided dislocations (left = 146, right = 92), and 32 bilateral cases. Being first born carried the greatest associated risk with development of the condition followed by breech and family history.


Of the 238 hips, 104 underwent closed reduction and 134 open reduction. At final review there were 14 hips (6%) lost to follow up. The average length of follow up was 9 years.
Incidence of Pelvic osteotomy

The incidence of PO was 58% (59 hips, 95%CI: 49–68%) in the closed reduction group compared to 19% (24 hips, 95%CI: 16-23%) in the open reduction group.

Predictors for Pelvic osteotomy.

Tonnis Grading: The appearance of the ossific nucleus on the pre reduction AP radiograph was present in 103 hips. The Tonnis grading for both open and closed reduction groups and PO and no PO subgroups is shown in Tables 1 and 2. Logistic regression analysis estimated the odds of requiring an open reduction with relation to the Tonnis grade (Tonnis grade II as baseline). The ratio of the odds for open reduction being required in Tonnis grade III compared with grade II was 0.58 (95%CI: 0.14-2.40, p=0.454) and comparing Tonnis grade IV to II was 4.85 (95%CI: 2.07-11.36, p<0.001). Regression analysis was also used to estimate the odds for requiring a PO following open or closed reduction and the Tonnis grade. The ratio of the odds for PO being required in Tonnis grade III compared with grade II was 0.80 (95%CI: 0.26-2.47, p=0.703) and comparing grade IV to II was 0.98 (95%CI: 0.45-2.14, p=0.964).

Acetabular Index (AI): The mean AI declined following reduction of the hip in both open and closed reduction cohorts, with the greatest fall being observed in the first six months. In those whom a PO was not required the AI continued to fall steadily reaching an average value of 240 approximately 3-3.5 years post reduction. In those whom a PO was required the AI value plateaued approximately 2 years following reduction and never reached normal value. The difference in the mean acetabular index between those that did and did not require a PO was significant from 1.5 years following surgery (t-test; p<0.01, figure 2).

Comparison of the AI between the pathological and normal contralateral side (bilateral cases excluded), revealed a significant difference throughout follow up regardless of whether a PO was required. Furthermore in all those whom it was deemed necessary to perform a PO, there was no significant difference in the trend/rate of decline in the AI in those that initially had either an open or closed reduction of the hip.


Ossific Nucleus (ON): Prior to reduction of the dislocated hip, the ossific nucleus width and height (medial and lateral thirds) was consistently less when compared to the normal contralateral side (bilateral cases excluded). Following reduction the rate of growth of the ON width was greater than the contralateral side on average 24 months following reduction. There was however no difference in the rate of ON width progression between those that did and did not require a subsequent PO. Again there was no difference in the ON height (medial and lateral thirds) between the PO and non PO groups (figure 3(a),(b),(c)), but contrary to the ON width development, which demonstrated overgrowth, the height of the ON never caught up with the contralateral side post reduction and always remained less. 
Confounding variables


Age of reduction: The average age of reduction was 14 months in those that required a PO and 15.8 months in the non PO group. 6 patients over the age of 18 months (average age 21 months) underwent closed reduction and 83% required PO. 30 patients over the age of 18 months (average age 2yrs 9 months) underwent open reduction, in 18 combined with femoral shortening. 20% required a subsequent PO. There was no significant difference in the PO rate after OR related to age at reduction.

Pavlik harness treatment: There appeared to be no effect of failed Pavlik harness treatment on the prevalence of either open (OR) or closed (CR) reduction with approximately equal proportions of failed conservative treatment cases in each (OR: 53.5%, 95%CI: 41.9-65.1%. CR: 46.5%, 95%CI: 34.9-58.1%; p=0.28). Similarly failed harness treatment did not appear to affect the PO rate with similar rates in both groups that did and did not have a harness applied (27% harness, 95%CI: 18-36%; 34% no harness, 95%CI: 26-41%. p=0.146).

Surgical Experience/Learning curve: The cumulative percentage of satisfactory outcome continued to improve during the first 20 procedures before dropping in the next 10. From then on the cumulative percentage of satisfactory outcome again rose before reaching a plateau after approximately 50 procedures had been performed (figure 4). For the lead surgeon this corresponded to approximately 6 years surgical experience (figure 5).
Complications:


 There were 25 cases (11.2%) of AVN (grades II-IV, table 3). There was no difference in the rate of AVN between those patients that underwent a late open reduction or closed reduction (OR 10.9%, 95%CI: 4.8-17%; CR 11.4%, 95%CI: 5.8-17%). In the OR cases there were 3 superficial infections and 4 cases that required revision OR for subluxation / redislocation. There were no nerve palsies in either group.
DISCUSSION


Early reduction is perceived to maximise the acetabular remodelling potential and reduce secondary procedure requirement. The frequency of secondary reconstructive procedures quoted in the literature ranges from 17% to 80%3,13,14,15,16, with many of the studies reporting that earlier reduction confers lower secondary procedure rates. This study demonstrated an overall secondary procedure rate of 35%, with 19% in the OR group and 58% in the CR group. Further subset analysis of those presenting >18months demonstrated similar secondary procedure rates (20% OR, 83% CR). Luhmann et al3 in a retrospective analysis of 153 hips demonstrated the lowest secondary procedure rates with reduction performed before 6 months. However this series also showed that when comparing the secondary procedure rate in patients whom reduction was performed before 12 months with patients whom reduction was performed before 6 months of age, there was no significant difference. Therefore even in those series which advocate early reduction, delay until 12 months of age, does not appear to significantly affect the secondary procedure rate. In contrast however to Luhmann et al3, this series demonstrated that if open reduction was not able to be performed until after 18 months the secondary procedure rate still remained low. We acknowledge however that this is a small cohort with an additional procedure (FSO) being performed 60% of these cases.

Severe AVN in childhood remains a virtually irreversible condition. The incidence of AVN following preferred treatment protocols for established CDH remains probably the most fundamental issue when determining outcome. A recent meta analysis on the effect of delaying reduction of the femoral head until the appearance of the ossific nucleus17 concluded the presence of the ossific nucleus did not have a significant effect on the development of AVN of any grade, but did have a protective effect of the more severe forms of the condition. The prevalence of AVN in all but one of the studies cited were similar (27%, 28%, 32%, 32%, 48% and 6%)18,19,20,7,21,22. The AVN rates in this series with a late reduction compare favourably (11.2%) and were not compromised with open surgery (OR 10.9%, CR 11.4%).

Integral to the development of the acetabulum is the concentric reduction of the femoral head23,24,25,26,27,13. An anterior open reduction enables direct visualisation and division or excision of structures preventing absolute concentric reduction. In addition it allows further stabilisation of the located femoral head with a capsulorraphy and augmentation of the acetabular roof (an advantage over the open medial approach). However, when comparing these benefits to closed reduction the risks associated with open surgery need to be taken into account. This study demonstrated a significantly lower rate of secondary procedures in those that required an OR (19%) in comparison to those where a closed reduction (58%) was performed, yet without any increase in the rate of avascular necrosis (11% both open and closed reduction).


Analysis of confounding variables demonstrated no difference in the mean age of reduction on secondary procedure rate. Previous Pavlik harness treatment also did not have an effect on the proportion of open or closed reductions performed and did not affect the PO rate. This is in keeping with the literature in series where analysis of previous failed Pavlik harness treatment as a confounding variable has been made18,7,22.


The experience of the surgeon or surgeons (in multi surgeon series) is rarely accounted for. Since AVN is regarded as an iatrogenic complication, the surgical experience of the surgeon or team must influence the results. This single surgeon series demonstrates a significant learning curve with performing an open reduction. The incidence of unsatisfactory outcomes, as defined by the subsequent need for a PO, reduced as the number of procedures undertaken increased. Approximately fifty cases needed to be performed to establish a consistent outcome proportion. The results also demonstrated a “dip” in performance within those first fifty cases which has previously been reported28 and may represent either a “comfort zone” with the operation, or more likely a change in case mix with a more complicated cohort of patients being referred. In this series, the overall rates for PO and AVN have taken into account the surgeons learning curve with the operative procedure and can therefore be interpretated as worse case scenarios. Surgical experience has an important role in the wide variation of outcomes reported in the various perceived “optimum” surgical protocols and therefore we suggest caution in concluding from studies on this topic that one surgical algorithm is superior to another and we acknowledge this in reporting this single surgeon series.


Radiologcally the AI remained a reliable indicator of acetabular development. The AI had the sharpest decline in all cases in the first six months post reduction. A significant difference between cases that required further surgery and those that did not was not apparent until 1.5 years post reduction (p<0.01). By approximately 2 years post reduction there was no ongoing improvement in AI. Therefore in the initial follow up period a conservative policy is suggested to avoid potential unnecessary intervention, with the optimum time to determine the need for a secondary procedure being between 18 and 24 months post open or closed reduction. It was noted that at no point did the AI correct itself fully in comparison to the non pathological contralateral side (bilateral cases excluded), and therefore in unilateral cases the AI on the non affected side should not be used as a marker to be reached.

To analyse for bias as a result of the surgeon not being blinded to whether on OR or CR was performed we compared the mean AI over time in open and closed reduction cases that ended up having a secondary procedure, and found no difference in the AI values between groups (Figure 5). This suggested that previous knowledge that an open or closed reduction had been performed did not affect the decision making on the need for further surgery but that this was made solely on clinical and radiological assessment.

The pattern of ossific nucleus development was also mapped over time and did not demonstrate a difference in those that did and did not require a PO. Overall we noticed an overgrowth of the ON width but residual undergrowth in height in both groups when compared to the normal contralateral side.

The severity of the dislocation did act as an indicator on whether an open or closed reduction was likely to be performed with a 4.85 times higher odds of performing an open reduction in Tonnis grade IV compared to Tonnis grade II hips. However, the severity of the dislocation did not affect the odds of requiring a subsequent PO. This emphasises once more that obtaining a concentric reduction and being able to hold it concentrically reduced at the outset are probably the most important factors in determining the fate and outcome of a dislocated hip.
SUMMARY
· Late open reduction after 12 months or with the appearance of the ossific nucleus has a low secondary procedure rate without increasing the incidence of AVN.

· Open reduction in those presenting >18 months does not increase the secondary procedure rate.

· There is a significant learning curve to this procedure and therefore surgical experience will affect outcome.
Table 1: Relationship between the Tonnis grade and the requirement for either open or closed reduction.

	Tonnis Grade
	Open reduction
	Closed reduction
	Total

	II
	11
	32
	43

	III
	3
	15
	18

	IV
	40
	24
	64


Table 2: Relationship between the Tonnis grade and the requirement for secondary procedures.

	Tonnis Grade
	Secondary procedure
	No secondary procedure
	Total

	II
	18
	25
	43

	III
	7
	11
	18

	IV
	28
	36
	64


Table 3: AVN grades following open or closed reduction
	AVN Grade
	Open reduction
	Closed Reduction

	II
	6
	8

	III
	1
	1

	IV
	7
	2


Figure 1: X-ray showing acetabular dysplasia age 6 and appearances age 14, post pelvic osteotomy.
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Figure 2: Temporal change in mean acetabular index (+/- standard error of the mean (SEM)) following open or closed reduction in those that did and did not require a PO. (*p<0.05, **p<0.01)  
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Figure 3: Temporal change in the mean difference of (a) ossific nucleus width (b) ossific nucleus height (lat 1/3rd) and (c) ossific nucleus height (med 1/3rd) (+/-SEM) between the pathological and non pathological sides following open or closed reduction in those that did and did not require a PO. (*p<0.05, **p<0.01).
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Figure 4: Cumulative percentage of satisfactory outcome following open reduction
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Figure 5: (a) Graph representing the number of open reductions (OR’s) and subsequent pelvic osteotomies (PO’s) performed per annum (b) % conversion rate of OR to PO per annum demonstrating 6 year learning curve.
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Figure 6: Temporal change in the mean acetabular index (+/-SEM) in the pathological and normal contralateral side following open or closed reduction in those that required a PO.
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