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Abstract
BACKGROUND
[bookmark: OLE_LINK44][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK43][bookmark: OLE_LINK72][bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK107][bookmark: OLE_LINK108]Ankylosing spondylitis at total hip arthroplasty (THA) has significant hip stiffness with flexion deformity, restricted mobility, and function. Range of movement (ROM) improvement with good functional outcome is seen following THA in these hips. The modified Hardinge approach without abductor compromise is helpful in these stiff hips with associated flexion deformity.

AIM
To assess improvement in ROM and functional outcomes with a modified lateral approach THA in ankylosing spondylitis with stiff hips.

METHODS
[bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK49][bookmark: OLE_LINK50]A total of 69 hips that underwent THA with a modified Hardinge approach in 40 patients were evaluated at a mean follow-up of 38.33 mo. All individuals ambulated with weight-bearing as tolerated and ROM exercises from the 1st postoperative day. Modified Harris hip score and ROM were assessed during follow-up. Quality of life assessments using the 36-item and 12-item short form health surveys were done along with clinical and functional outcomes at follow-up. SPSS 22.0 was used for statistical analysis. The correlation of ROM and functional score change was performed using Pearson’s correlation coefficient.

RESULTS
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Sixty-nine hips with a significant decrease in ROM preoperatively with 32 clinically fused hips showed significant improvement in flexion range. The mean flexion in 69 hips improved from 29.35 ± 31.38 degrees to 102.17 ± 10.48 degrees. The mean difference of 72.82 with a P value < 0.0001 was significant. In total, 45 out of 69 hips had flexion deformity, with 13 hips having a deformity above 30 degrees. The flexion during the follow-up was below 90 degrees in 3 hips. Eleven hips had flexion of 90 degrees at follow-up, while the remaining 55 hips had flexion above 100 degrees. Modified Harris hip score improved from 17.03 ± 6.02 to 90.66 ± 7.23 (P value < 0.0001). The 36-item short form health survey at the follow-up indicated health status in 40 patients as excellent in 11, very good in 20, good in 5, fair in 3, and poor in 1. The mean mental health score was 84.10 ± 11.58. Pain relief was good in all 69 hips. Altogether, 28/40 patients (70%) had no pain, 9 patients (22%) had occasional pain, and 3 patients (8%) had mild to moderate pain with unusual activity. Heterotopic ossification was seen in 21 hips with Brooker class 1 in 14 hips.

CONCLUSION
Modified Hardinge approach THA in ankylosing spondylitis with stiff hips with flexion deformity significantly improved ROM, Harris hip score, and quality of life indicated by the 36-item and 12-item short form health surveys.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15]Key Words: Ankylosing Spondylitis; Stiff; flexion deformity; Harris hip score; Hip range of movement; 36-item short form health survey score; Total hip arthroplasty modified Hardinge approach
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Core Tip: Ankylosing spondylitis is characterized by significant hip stiffness with mobility restriction and decreased quality of life. Range of movement is reduced with coexistent flexion deformity. Total hip arthroplasty improves mobility by enhancing the quality of life. The modified Hardinge approach leaves the posterior two-thirds of the abductors intact. This approach is helpful in these hips with flexion deformity with good clinical and functional outcomes. Range of movement, Harris hip score, and quality of life indicated by the 36-item short form health survey score have shown promising results.


INTRODUCTION
Ankylosing spondylitis (AS) belongs to the spondyloarthropathy group of disorders affecting the young with progressive stiffness of the spine and hip joints. The hip joint is involved in 25%-50% of patients[1], with bilateral hip disease seen in 50%-90% of AS[2-5]. Disability in these individuals is predominantly due to decreased movement resulting in stiffness restricting their activities. The hip involvement presents varying degrees of stiffness with bony ankylosis seen in about 40% at total hip arthroplasty (THA)[6]. The majority of these young patients have fixed deformities with loss of spinal mobility. THA improves the functional outcome in these patients with significant activity limitations and progressive stiffness in their spine and hips.
THA in these hips significantly improves the range of movement (ROM) and pain relief with marked improvement in function and mobility[4]. However, the associated risks are ectopic bone formation, reduced ROM, and re-ankylosis after THA in AS[6].
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]We aimed to assess the functional and clinical outcome in AS with stiff hips after THA with the modified lateral approach. ROM and functional outcomes using the modified Harris hip score (HHS), 36-item short-form health survey score (SF-36), and 12-item short form health survey (SF-12) scores were calculated for assessment.

MATERIALS AND METHODS
A retrospective analysis of clinically stiff hips with AS who underwent THA in our unit between 2012 to 2018 were included. The criteria for inclusion were individuals over 18 years of age diagnosed with AS with decreased ROM with THA in our unit and had come for follow-up more than 6 mo after the procedure. Based on these criteria, 168 patients fulfilled the criteria for this study. In total, 69 hips in 40 patients who could be assessed clinically during the study period were included in this study. Sixty-two patients with AS were reviewed, and 22 patients had to be excluded due to insufficient data. The remaining were not available for a clinical evaluation during the study period. Data for the 40 patients were collected for clinical review. Information was also obtained from the medical records. Preoperative details regarding ROM, pain, and other data regarding the hip joint involvement were collected and compared with the data obtained at clinical follow-up. SPSS 22.0 was used for statistical analysis. The correlation of ROM and functional score change was done using Pearson’s correlation coefficient.
Data regarding medical management by the rheumatology department was also collected. Informed consent was obtained from all patients. Institutional Review Board approval was obtained for this study.

Surgical technique 
Sixty-nine hips were stiff, and 32 were clinically fused. Bilateral hip arthritis in 24 individuals had simultaneous THA in the same sitting. Five patients had staged THA for bilateral hip arthritis. Eleven individuals underwent unilateral THA. Two of the senior authors carried out all the THAs. The modified Hardinge approach was used for all the hips[7,8]. The Mallory modification with preservation of the posterior two-thirds of the abductors is the approach routinely utilized in our unit for all THAs except hips with a requirement for posterior or posterosuperior augmentation and reconstruction. The Mallory modification essentially preserves the posterior two-thirds of the gluteus medius rather than detaching the entire abductor in the classical Hardinge approach. The anterior one-third was cut at the musculotendinous junction to enable effective repair at the end of the procedure.
Templating was done preoperatively for all cases to assess the size of the acetabulum and femur. Lateral positioning for THA was challenging in the fused and stiff hips. Circumferential capsular release was done to enable mobilization of the proximal femur and provide complete exposure to the acetabulum. The capsule in these stiff hips was opened anterolateral and released from the entire bony acetabular margin. The capsular tissue was elevated, and the thickened fibrotic tissue interfering with the acetabular preparation was excised.
A femoral neck osteotomy was done in situ for 26 fused hips that could not be dislocated after defining the acetabular margins and the proximal femur with soft tissue release. Care was taken to support the limb on completion of the osteotomy to prevent additional propagation to the calcar region and the acetabular margins. Additional bony resection was done on the neck cut to leave enough calcar for stable femoral component implantation. Acetabulum reaming was done only after defining the margins. Sequential reaming onto the resected neck and head was done after ensuring to avoid eccentric reaming and maintaining the anterior and posterior wall thickness. The residual pulvinar identified the medial wall, and reaming continued gradually to obtain the best fit of the acetabular component.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19]The acetabulum was cementless in all our cases. Acetabular components in this series were Pinnacle (Depuy, United States) in 34 hips, R3 (Smith and Nephew, United States) in 29 hips, Trident (Stryker, United States) in 2 hips, and Latitud (Meril, India) in 4 hips. Screw fixation was used in 42 hips to augment fixation. The femur was prepared with the limb adducted and externally rotated to accommodate a cementless component in 61 hips, while 8 hips required a cemented fixation for Dorr type C femur. Cementless femur components were Corail (Depuy, United States) in 30 hips, Synergy (Smith and Nephew, United States) in 12 hips, Polarstem (Smith and Nephew, United States) in 13 hips, Latitud (Meril, India) in 4 hips, and Accolade (Stryker, United States) in 2 hips. The 8 cemented femoral implants were C stem (Depuy, United States) in 2 hips, CPCS (Smith and Nephew, United States) in 4 hips, and CPT (Zimmer, Warsaw, United States) in 2 hips. The head size depended on the acetabular component, with a mean head size of 32.92 mm (28 mm in 9 hips, 32 mm in 35 hips, 36 mm in 25 hips). 
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]No constrained or dual mobility liners were used. Copious lavage with saline to remove all the bone debris was done before closure to reduce the chances of heterotopic ossification. A stable calcar cortical split was seen in the proximal femur in 2 hips at THA with the last broach size used, which required wiring for additional stability. Fracture of the greater trochanter was seen at the final reduction in 1 hip, which required stabilization with stainless steel wires.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]All patients were given parenteral antibiotics for 48 h and ambulated with weight-bearing as tolerated by the next day after surgery. Deep vein thrombosis prophylaxis with aspirin was given for 6 wk. The patients with stiff hips were initially encouraged prolonged sitting as soon as tolerated to ensure spinal posture and muscle balance and then mobilized actively as mobility restriction was significant before surgery. The patients were ambulated as soon as tolerated with support, which was gradually weaned after 6 wk.
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]The preoperative and follow-up flexion and total ROM for each hip were compared. The ROM measurement was done with a goniometer. The total ROM for each hip was compared with the total ROM possible at the last follow-up. The improvement in flexion was compared for each hip. The SF-36 and SF-12 scores were calculated to assess the overall quality of life (QOL). Neuromuscular studies or magnetic resonance imaging were not used to assess hip abductors. The modified HHS, ROM, SF-36, and SF-12 scores were used to assess the overall outcome in these patients. The X-rays were evaluated for heterotopic ossification (HO), the presence of any radiolucent lines, lysis in the Charnley acetabular zones, and the Gruen femur zones with the implants.
The mean ± SD was analyzed based on the distribution of HHS and SF-12 and SF-36 scores. The distribution of the HHS, SF-12, and SF-36 were tabulated for all patients. SPSS 22.0 was used for statistical analysis. P value < 0.05 was considered as statistical significance.

RESULTS
There were 69 hips in 40 patients diagnosed as AS with stiff hips that underwent THA at our unit between January 2012 and December 2018 were included in this study. There were 36 males and 4 females with a mean age of 36.6 years (24 to 58). Sixty-nine hips were studied as 24/40 patients (60%) underwent simultaneous bilateral THA.

ROM
Forty-three hips were found to have preoperative flexion less than 30 degrees (Figure 1). In total, 45/69 hips had flexion deformity, with 13 hips having a deformity above 30 degrees. Three hips had preoperative flexion of 90 degrees, and two hips had preoperative flexion of 100 degrees. Five hips had external rotation deformity of 30 degrees. Significant internal and external rotation restriction was seen in the remaining 64 hips. All hips included had considerable restriction of daily activity with arthritis. The mean preoperative total ROM in 69 hips improved from 45.29 ± 47.20 to a mean of 223.59 ± 27.41. The mean flexion in 69 hips improved from 29.35 ± 31.38 degrees to 102.17 ± 10.48 degrees. The mean difference was 72.97, with a P value < 0.0001 being statistically significant. The total ROM in 32 clinically fused hips improved from a mean of 5.47 ± 9.22 to 223.59 ± 23.33 degrees at the last follow-up.
The flexion at follow-up was below 90 degrees in 3 hips. Eleven hips had flexion of 90 degrees at follow-up, while the remaining 55 hips had flexion above 100 degrees. 
The modified HHS improved from 17.03 ± 6.02 to 90.66 ± 7.23 at follow-up. This improvement was found to be statistically significant (P < 0.001). At the follow-up, 30/40 patients had a modified HHS > 90 (Table 1).

Pain score
Pain scoring was done as part of the HHS assessment. All 40 patients had pain with restriction of movement for 31.08 ± 36 mo before THA. Pain relief was good in all 69 hips. Altogether, 28/40 patients (70%) had no pain, while 9 patients (22%) had occasional pain without any compromise in activity. Three patients (8%) had mild to moderate pain with unusual activity.

QOL SF-36 score and general health
SF-36 is to date the most commonly used health-related QOL measure in research and has been used to assess the health status of AS patients and compared with normal individuals[9–11]. SF-36 focuses on eight domains with physical and mental components with outcome measures indicating the health-related QOL[12]. The responses are assessed in all domains, and the score is generated with higher scores indicating better health. This assessment has been used in the evaluation of patients after THA and total knee arthroplasty[12,13].
The SF-36 measures eight scales that include physical functioning, role limitations due to physical health, bodily pain, general health, vitality, social functioning, role limitations due to emotional problems, and mental health. This used extensively assessment tool is a reliable, detailed measure of overall physical and mental health. The mental health score of 84.10 ± 11.58, along with all other subscores, favored the assessment as an excellent overall outcome (Table 2). The SF-36 questionnaire scores calculated at the follow-up in 40 patients indicated general health as excellent or very good in 31 out of 40 patients (Table 3).

SF-12 
This short form survey instrument used in outcome assessment is quicker with fewer details and two components. The mean physical score of the physical component summary in 40 patients was 45.22 ± 8.94, and the mean score of the mental component summary was 57.63 ± 5.18.

Radiology
[bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK89][bookmark: OLE_LINK90]Preoperative assessment included spine as well as hip anteroposterior and lateral views. The anteroposterior view was done in all hips for immediate postoperative assessment. All 69 hips at follow-up showed implants with stable acetabular and femoral components. No radiolucent lines, lysis, or implant loosening was seen in all the Charnley and Gruen zones. HO was seen in 21 hips with Brooker class 1 in 14 hips, class 2 in 5 hips, and class 3 in 2 hips (Figure 2).

Complications
There were no dislocations or early infections in our series. One bilateral THA presented 73 mo postoperatively with symptoms suggestive of low-grade infection. He had been on irregular medical treatment and was also diagnosed with chronic venous insufficiency secondary to perforator incompetence in his lower limbs. He underwent a staged revision for his coagulase-negative Staphylococcus infection. There were no other early or delayed complications detected through the last follow-up.

DISCUSSION
THA effectively relieves pain and improves ROM and function in AS. Five percent of AS patients have been reported to need hip replacement surgery, and the overall rate of joint replacement surgery in AS has increased by 40%[14]. Previous studies have shown and established that AS has a higher male-to-female ratio of about 2:1 to 3:1, and it was evident in this series as 90% of patients were males.
Patients with stiff hips or bony ankylosis have significant functional disabilities. THA brings about dramatic changes in function and QOL in these young patients. The increased hip ROM and subsequent functional improvement in these individuals support THA in this condition.
The Mallory modification of the Hardinge approach is used routinely for THA in our unit. A lateral approach with trochanteric osteotomy has been described[3]. There is a lack of data regarding functional outcomes following THA in AS with fused hips with this approach. There has been a concern with the approach in AS fused hips related to abductor compromise. Hence the posterior approach has been advocated[4]. The modified lateral approach preserves the posterior two-thirds of the abductor and is helpful, especially in stiff hips with flexion deformity, as the approach facilitates the anterior capsular release.
Flexion deformity in the 45 hips was successfully corrected with this modified lateral approach’s extensive soft tissue release. The in situ neck resection in 26 fused hips was performed to prevent damage to the posterior acetabular wall during osteotomy[4]. Limb positioning with external rotation of the femur helps in posterior capsular release between the gluteus medius and the iliopsoas insertions. Femoral broaching and optimal sizing without damage to the residual abductor insertion is facilitated by external rotation of the limb with the modified lateral approach. Femoral anteversion assessment is enabled with proximal femur access provided through this approach. The posterior approach could be challenging for femoral neck osteotomy, especially in fused hips with external rotation deformity. Early mobilization after flexion deformity correction with extensive anterior release in these hips improves ROM and prevents stiffness.
The choice of implant for the acetabulum was based on the bone quality at the time of preparation. Gradual sequential reaming with information obtained from preoperative templating aided in cementless fixation with optimum fit and bone stock utilization in all 69 hips with additional screws when necessary. A cemented femur was used in 8 Dorr C femurs, and cementless components achieved stable fixation in the remaining 61 hips. Increased risk of intraoperative femur fracture would be high if uncemented fixation is attempted with larger sizes to achieve stable fixation in the larger canal with thin cortices. The proximal femur required wiring in 2 hips for medial femur calcar split seen at preparation. Cementless implants in AS have found favor with long-term survivorship in recent series[4] instead of cemented fixation, which was advocated earlier[5].
The average follow-up of patients in our series was 38.33 mo with no evidence of clinical or radiological signs of implant loosening. There were 21 hips with HO seen at follow-up with no functional limitations. Our protocol with copious lavage before closure to remove bone debris and active postoperative mobilization was to reduce the risk of HO. With rheumatology input, the patients were restarted on their disease-modifying antirheumatic drugs 1 wk after THA.
The mean flexion in 69 hips changed from 29.35 ± 31.38 to 102.17 ± 10.48 degrees, indicating a mean improvement of 72.82 degrees. The ROM in 43 hips with flexion less than 30 degrees and 23 fused hips also recorded significant improvement in their flexion at follow-up compared to patients who had preoperative ROM of more than 90 degrees. This significant improvement in ROM in the 69 hips resulted in considerable improvement in the hip function at follow-up.
Modified HHS improved from 17.03 ± 6.02 to 90.66 ± 7.23, which was statistically significant (P < 0.001) as 30/40 patients had a modified HHS > 90 at follow-up. This improvement in HHS is due to the significant increase in the activity levels achieved in these stiff hips. In this study, 92% of our patients had no pain or ignorable pain that did not compromise any activity, and 8% had moderate pain with unusual activity that required occasional analgesics for pain relief.
Thirty-one out of 40 patients showed excellent or good scores in SF-36 and SF-12 physical and mental component analysis, which was comparable with other QOL analyses done in spondyloarthropathy[15]. Improvement in ROM with HHS and SF-36 indicates an overall improvement in the hip joint function and the QOL. Data regarding the functional outcome and health-related QOL after THA in AS has been limited[4,15].
The functional scores and the QOL assessment have been reported in patients with AS[10]. The mental component did not significantly change, and the mean physical component score was significantly lower in the study group[10,16]. The SF-36 scores in this series did not have a preoperative value for comparison. AS patients have significantly impaired QOL, with most domains affected in the SF-36 assessment.
SF-36 at follow-up indicated significant improvement in the QOL after THA in this group of patients with AS. The overall QOL was good in all the domains assessed. The number of cases may have been too small (69 THAs) for analyzing the short-and mid-term effects of THA in AS. However, good scores were obtained in the physical and emotional quotient[17] (Table 3).
The SF-36 scores, which evaluate eight domains used as a functional outcome measure, have added value when used with the modified HHS and the ROM improvement in these stiff hips. SF-12 has a physical and mental component assessment and has fewer elements when compared to SF-36. The SF-36 used to assess functional outcomes in THA and total knee arthroplasty was found to significantly improve following THA[12]. Our series considered the improvement in ROM and the modified HHS. The modified HHS allows evaluation of the hip joints studied, as the HHS allows evaluation of the whole patient. The evaluation of the individual joint deformity and ROM, especially in the bilateral THAs, is possible with the modified HHS. These scores and the SF-36 showed a significant overall improvement in these patients with stiff hips in AS (Table 4).
The limitations of this study include a relatively short duration of follow-up and a small number of patients that could be included in this series. The retrospective nature of this study is another limitation. A 5-year follow-up with radiological and clinical outcomes would have been ideal for studying the various outcomes, while our study’s average follow-up was 38.33 mo (range 6-83 mo). We will continue to follow up on these patients to study the clinical, radiological, and overall outcomes. The risk of complications in THA with AS is associated with stiffness of the spine. The possibility of fractures and component loosening are a few complications that could be seen at longer follow-up times[18].

CONCLUSION
THA with a modified lateral approach in AS with stiff hips has significant improvement in the ROM, HHS, overall function, and QOL as indicated by functional outcome measures with SF-12 and SF-36 scores.

ARTICLE HIGHLIGHTS
Research background
Total hip arthroplasty (THA) with modified lateral approach has been used routinely in our unit for arthritic hips not requiring posterior wall reconstruction. A good exposure of the acetabulum with preservation of the posterior abductors is optimal for hips with flexion deformities.

Research motivation
THA with modified lateral approach is not associated with abductor compromise and results in good functional outcome as seen in individuals coming back for follow-up.

Research objectives
The objective was to have a functional and overall assessment of hips with ankylosing spondylitis at follow-up after THA. Assessment of functional outcome with described tools such as the 36-item and 12-item short form health surveys with the hip scores would provide adequate information.

Research methods
Patients with ankylosing spondylitis were assessed at follow-up after THA. Functional, clinical, and radiological assessment was done at the follow-up.

Research results
The results showed significant improvement in the functional scores in all domains with improvement in range of movement and quality of life.

Research conclusions
[bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK51][bookmark: OLE_LINK52]Modified lateral approach THA in ankylosing spondylitis improves range of movement, function, and quality of life.

Research perspectives
Long-term follow-up of 5 years to 10 years with comparison to other approaches would provide a better comparison of the efficacy of the lateral approach.
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Figure Legends
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Figure 1 Distribution of preoperative flexion range in 69 hips.
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[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK104][bookmark: OLE_LINK109][bookmark: OLE_LINK110]Figure 2 Preoperative assessment and immediate postoperative assessment of hips. A: Eighteen-year-old male with 4 year history of progressive stiffness presented with bony ankylosis and flexion deformity of 25 degrees in the right hip; B: Four years postoperative bilateral simultaneous total hip arthroplasty. Brooker grade 2 heterotopic ossification left hip, flexion 90 degrees bilateral, Harris hip score 88, flexion 90 degrees, 12-item short form health survey physical component summary 39.83, and mental component summary 58.36; C: Forty-six-year-old male bilateral hip progressive stiffness for more than 10 years, flexion deformity 30 degrees bilateral with 20 degrees further range of movement in flexion; D: Two-year-postoperative bilateral simultaneous total hip arthroplasty, flexion 100 degrees right, 90 degrees left, Harris hip score 95, 12-item short form health survey physical component summary 52.88, and mental component summary 56.12.


Table 1 Comparison of preoperative and follow-up flexion, range of movement, and Harris hip score
	Movement
	Preoperative
	Follow-up
	Mean difference (95%CI)
	P value

	Flexion
	29.35
	102.17
	65.76 ± 71.37
	< 0.0001

	ROM total
	45.29
	220.65
	132.97 ± 171.86
	< 0.0001

	ROM score
	1.71
	4.95
	3.33 ± 3.18
	< 0.0001

	[bookmark: OLE_LINK102][bookmark: OLE_LINK103]MHHS
	17.03
	90.66
	53.84 ± 72.16
	< 0.0001


[bookmark: OLE_LINK117][bookmark: OLE_LINK118]ROM: Range of movement; MHHS: Modified Harris hip score.


[bookmark: OLE_LINK111][bookmark: OLE_LINK112]Table 2 Distribution of general health status and the 36-item short form health survey in 40 patients
	SF-36 scores

	[bookmark: _Hlk104299559]Mental health
	(n = 40)
	84.10 ±11.58

	Role limitations due to emotional problems 
	(n = 40)
	94.17 ± 19.81

	Social functioning 
	(n = 40)
	86.25 ± 16.70

	Energy fatigue/vitality 
	(n = 40)
	71.87 ± 16.63

	General health 
	(n = 40)
	63.12 ± 24.22

	Bodily pain 
	(n = 40)
	80.00 ± 19.23

	Physical functioning 
	(n = 40)
	69.63 ± 18.58

	Role limitations due to physical health 
	(n = 40)
	85.00 ± 33.87


SF-36: 36-item short form health survey.


[bookmark: OLE_LINK121][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK124]Table 3 The 36-item short form health survey scores compared to other series
	[bookmark: OLE_LINK119][bookmark: OLE_LINK120]SF-36 scores
	Our series
	Bahardoust et al[10], 2012
	Dagfinrud et al[9], 2004
	[bookmark: OLE_LINK115][bookmark: OLE_LINK116]van Tubergen et al[19], 2002

	Mental health
	84.10 (11.58)
	39.9 (28.2)
	70 (19)
	65.5 (18.1) 

	Role limitations due to emotional problems 
	94.17 (19.81)
	79.1 (19.2)
	66 (42)
	68.5 (41.3)

	Social functioning 
	86.25 (16.70)
	28.5 (29.2)
	70 (27)
	64.6 (24.6) 

	Energy fatigue/vitality 
	71.87 (16.63)
	56.2 (21.4)
	43 (23)
	42.6 (16.5)

	General health 
	63.12 (24.22)
	42.1 (26.3)
	51 (24)
	42.8 (20.2)

	Bodily pain 
	80.00 (19.23)
	48.2 (28.4)
	44 (22)
	48.3 (19.2) 

	Physical functioning 
	69.63 (18.58)
	28.3 (11.1)
	71 (23)
	55.8 (23.4) 

	Role limitations due to physical health 
	85.00 (33.87)
	31.2 (12.6)
	44 (41)
	35.6 (38.1) 


SF-36: 36-item short form health survey.


Table 4 Comparison of parameters with other series
	Ref.
	Patients (hips)
	Follow-up in mo
	Pain relief, %
	Final MHHS
	ROM score/mean flexion
	Approach
	Complications, %

	Bisla et al[20], 1976
	23 (34)
	42.5
	91
	NS
	ROM-3
	NS
	5.88

	Resnick et al[21], 1976
	11 (21)
	36
	NS
	NS
	NS
	NS
	0

	Williams et al[22], 1977
	56 (99)
	36
	NS
	NS
	NS
	NS
	10

	Baldursson et al[23], 1977
	10 (18)
	45.6
	94
	NS
	Flexion-90
	NS
	0

	Shanahan et al[24], 1982
	12 (16)
	89
	94
	NS
	NS
	NS
	6.25

	Finsterbush et al[25], 1988
	23 (35)
	90
	NS
	NS
	Flexion-86
	NS
	14.28

	Walker et al[26], 1991
	19 (29)
	58
	97
	NS
	ROM-4
	NS
	0

	Gualtieri et al[27], 1992
	39 (73)
	90
	89
	NS
	NS
	NS
	0

	Brinker et al[28], 1996
	12 (20)
	75
	90
	89.1
	ROM-4
	Posterior, lateral
	0

	Sochart et al[29], 1997
	24 (43)
	276
	100
	NS
	ROM-4
	NS
	27.9

	Lehtimäki et al[30], 2001
	54 (76)
	240
	NS
	NS
	NS
	NS
	3.94

	Joshi et al[31], 2002
	103 (181)
	120
	96
	NS
	NS
	Lateral, Hardinge
	10.5

	Kim et al[32], 2007
	12 (24)
	132
	NS
	82.3
	NS
	Lateral
	12.5

	Bhan et al[6], 2008
	54 (92)
	102
	62
	82.6
	ROM-4
	Posterior
	14

	Li et al[33], 2009
	24 (39)
	36
	[bookmark: OLE_LINK125][bookmark: OLE_LINK126][bookmark: OLE_LINK127]NS
	91
	ROM-4
	Posterolateral
	2.5

	Tang et al[2], 2000
	58 (95)
	135.4
	94
	88.8
	ROM-4.2
	Posterior
	20

	Bangjian et al[34], 2012
	12 (24)
	50.4
	100
	86.25
	Flexion-84
	Posterolateral
	0

	Malhotra et al[35], 2012
	23 (32)
	42
	NS
	87.1
	ROM-4
	Posterior
	4.7

	Siavashi et al[36], 2014
	77 (NA)
	12
	NS
	88.22
	ROM-5
	Posterior, lateral
	20.8

	Xu et al[37], 2017
	54 (81)
	42
	NS
	86.1
	Flexion-82.5
	Posterolateral
	0

	Our series
	40 (69)
	38.33
	92
	90.67
	Flexion-102.1739, ROM-4.9514
	Modified Hardinge
	1.4


ROM: Range of movement; MHHS: Modified Harris hip score; NS: Not specified; NA: Not available.
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