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Introduction: Identifying the source of pain is paramount for determining appropriate treatment and ensuring successful outcome in terms of management and relief of pain. The difficulty is that each surgeon has his or her own way of seeing the problem, and there is no consensus for the evaluation of these patients. The study hypothesis was that it is possible to find the cause of the pain in most cases. Patients and methods: All patients consulting for unexplained painful hip arthroplasty were included and followed a decision tree to assess the cause of the pain. The primary endpoint was the final diagnosis. Secondary endpoints were subgroup comparison between main causes and assessment of risk factors. Results: Two hundred one hips of 194 patients were included as unexplained painful hip arthroplasty 6 months postoperatively. Final diagnoses comprised periarticular pain in 53 cases (26.4%): 40 cases of trochanteric bursitis, 5 of iliopsoas tendinitis, 5 of abductor deficiency, 1 of ischial tuberosity tendinitis, and 2 of heterotopic ossification; projected pain in 49 (24.4%): 45 cases of back pain with or without neuropathy, 3 of knee osteoarthritis, and 1 of metabolic neuropathy; wear in 40 (19.9%), in the polyethylene liner; loosening in 20 (10.0%): loosening of the femoral component in 8 and that of the cup in 12; material problems in 17 (8.5%): trunnionosis in 13 and metallosis in metal-on-metal implants in 4; no diagnosis in 7 hips (3.5%); infection in 6 (3.0%), all chronic; instability without real dislocation in 3 (1.5%); misplacement in 3 (1.5%), all for leg-length discrepancy; fracture in 2 (1.0%): 1 of greater trochanter and 1 of ilio-ischiopubic ramus; complex regional pain syndrome in 1 (0.5%). Discussion: To our knowledge, this is the first study on the causes of painful hip arthroplasty in clinical practice, whether leading to revision or not. A systematic approach, including physical examination, radiographic assessment and laboratory studies, is needed to find the cause of the pain. It is important to understand the pain so that it can be treated appropriately. Revision surgery can sometimes helpdbut the worst thing is to make the patient worse. Level of Evidence: level 4, retrospective study.

Total hip arthroplasty (THA) is a common technique for the surgical management of degenerative hip disease and has been called the operation of the century [START_REF] Learmonth | The operation of the century: total hip replacement[END_REF]. Over 7.2 million Americans are currently living with a hip or knee arthroplasty implant [START_REF] Kremers | Prevalence of total hip and knee replacement in the United States[END_REF]. Satisfaction mainly depends on the patient's expectations [START_REF] Suda | Are patients' expectations of hip and knee arthroplasty fulfilled? A prospective study of 130 patients[END_REF]. Because of the increasing number of patients and the variety of prostheses and fixation modalities available for the surgeon, evaluation of patients with a painful arthroplasty implant can be very difficult. The growing number of patients who undergo multiple revision surgeries further complicates evaluation of painful implants [START_REF] Evans | Evaluation of the painful total hip arthroplasty[END_REF]. Identifying the source of pain is paramount for determining appropriate treatment and ensuring successful outcome in terms of the management and relief of pain [START_REF] Evans | Evaluation of the painful total hip arthroplasty[END_REF][START_REF] Blum | Strategy and optimization of diagnostic imaging in painful hip in adults[END_REF]. A painful prosthesis can lead to economic problems when revision is needed [START_REF] Bozic | Comparative epidemiology of revision arthroplasty: failed THA poses greater clinical and economic burdens than failed TKA[END_REF], but fortunately this does not concern all patients.

The difficulty is that each surgeon has his or her own way of seeing the problem, and there is no consensus for the evaluation of these patients. It is often difficult to assess a patient who was promised to be pain free after surgery but is not. Although reasons for prosthesis replacement are well known and fully described [START_REF] Ulrich | Total hip arthroplasties: what are the reasons for revision?[END_REF] and the reasons for painful prosthesis are also well known [8e10], there have been no studies of the distribution of surgical and nonsurgical causes of painful prosthesis in daily practice.

The present study concerns the evaluation of unexplained painful THA and provides clinical results after application of a decision tree for painful THA. The study hypothesis was that it is possible to find the cause of the pain in most cases.

Material and Methods

A single-center retrospective study reviewed all 1130 consultations held between April 1, 2017 and July 31, 2018. All patients consulting for unexplained painful hip arthroplasty were included. Patients with pain with known cause, such as dislocation, fracture, or infection, were excluded, as were cases of painful prosthesis in the 6 first months after the last surgery.

Patients were characterized in terms of side, gender, and body mass index (BMI). Previous operative reports were analyzed for etiology of the first prosthesis, date of surgery, revisions, and reasons. Data further included whether the hip had been operated on by another surgeon, the date of the clinical review, and pain characteristics: type, daily variation and intensity of pain, and pain-free periods. Mobility, ability to walk, and Devane activity level were assessed.

All hips followed the decision tree shown in Figure 1 to assess the cause of the pain. This decision tree was based on Lanting's research [START_REF] Lanting | The painful total hip replacement: diagnosis and deliverance[END_REF].

Final diagnoses and any revision after diagnosis were recorded. Patient demographics were then analyzed according to cause. The primary endpoint was the final diagnosis. Secondary endpoints were to find a patient characteristic that could explain a cause for the pain with subgroup comparison between main causes and assessment of risk factors. We also compared the cause based on the primary and revision surgery.

Statistics were computed with Excel 2017 (Microsoft, Redmond, WA). Results were expressed as numbers and percentage for categorical data and as mean ± standard deviation (range) for continuous data. Quantitative variables were compared between groups using Student t-test for continuous variables. Analysis of variance for qualitative or categorical data used chi-square test (or Fisher's exact test when this was not possible according to the 1954 Cochran Criterion that all classes must have a theoretical nonzero value and that 80% of classes must have theoretical values 5). There were no missing data, and all hips were analyzed. The significance threshold was set at P < .05.

Results

Of the 1130 consultations reviewed, 384 had a painful hip or knee arthroplasty, 313 had an unexplained painful knee or hip prosthesis, and 201 hips in 194 patients were included as unexplained painful hip arthroplasty 6 months postoperatively. The 71 painful hip and knees excluded were 47 hips with known cause including 12 dislocations, 2 fractures, 11 infection, and 21 with less than 6 months of follow-up. Ninety-three hips (46.3%) were right sided. One hundred twenty-two hips (60.7%) were in female hips. Mean BMI was 30.0 ± 6.0 (15.3 to 49.7).

The main etiology for the prosthesis was osteoarthritis, in 159 hips (79.1%); other etiologies comprised dysplasia in 16 hips (8.0%), acute fracture in 5 (2.5%), necrosis in 8 (4.0%), trauma in 5 (2.5%), and inflammation in 8 (4.0%). Mean age at primary surgery was 56.5 ± 13.9 years (19.4 to 87.9), and mean age at last surgery was 60.6 ± 11.7 years (34.4 to 87.9). The painful prosthesis was primary arthroplasty in 142 hips (70.6%) and revision arthroplasty in 59 hips (29.4%). Forty of the revision hips (67.8%) had 1 revision prior to the clinical evaluation, 9 (15.3%) had 2, 5 (8.5%) had 3, 1 (1.7%) had 4, 3 (5.1%) had 5, and 1 (1.7%) had 9. The cause of the last revision was infection in 4 hips (6.8%), loosening in 25 (42.4%), dislocation in 13 (22.0%), head-liner exchange for polyethylene wear in 12 (20.3%), and other in 5 (8.5%) (2 fractures, 1 abductor fixation, 1 iliopsoas Types of pain comprised burning in 83 hips (41.3%), sharp in 12 (6.0%) and deep in 106 (52.7%). Daily variation was mechanical in 127 hips (63.2%), inflammatory in 9 (4.5%), and pain was constant in 65 (32.3%). The pain was the same as the preoperative pain in 9 hips (4.0%) and different in 192 hips (95.5%). In 104 hips (51.7%), pain level was low (visual analog scale [VAS] from 1 to 3), in 86 (42.8%) moderate (VAS 4 to 6), and in 11 (5.5%) high (VAS 7 to 9); there were no hips of very high pain level (VAS 10). Thirty-seven (18.4%) hips had no pain-free period after last surgery, and 164 (81.6%) had a pain-free period, at a mean 9.3 ± 6.5 years (1.0 to 28.0). Mean hip and osteoarthritis outcome score (HOOS) score was 55.6 ± 20.9 (0 to 100). Mean Medical Outcomes Study Short-Form General Health Survey (SF-12) Mental component was 55.7 ± 8.9 (27.4 to 71.9) and Physical component was 32.9 ± 10.8 (15.4 to 57.8).

One hundred thirty-seven hips (68.2%) were originally operated on by our team, 3 (1.5%) were referred by another surgeon, 2 (1.0%) were referred by their general practitioner, and 59 (29.4%) cases consulted spontaneously.

Flexion exceeded 90 in 186 hips (92.5%) and was between 70 and 89 in 12 (6.0%) and between 50 and 69 in 3 (1.5%). Walking was impossible in 1 case (0.5%), required 2 crutches in 8 (4.0%), 2 canes in 2 (1.0%), one permanent cane in 26 (12.9%), a cane most of the time in 56 (27.9%), a cane for long walks or episodes of lameness in 97 (48.3%), and no assistance (normal walking) in 11 (5.5%). Devane activity level was 1 in 3 hips (1.5%), 2 in 63 (31.3%), 3 in 92 (45.8%), 4 in 37 (18.4%), and 5 in 6 (3.0%). 1; Table 2 presents qualitative variables significantly associated with painful hip arthroplasty on analysis of variance.

Table 3 presents clinical scores according to cause. The main result of subgroup analysis (Tables 1 and2) was that hips without diagnosis were younger at first and last surgery and had lower HOOS and SF-12 mental scores. Hips with infection had higher BMI. Hips with loosening more frequently had deep or constant pain and less frequently burning or mechanical pain, and had lower HOOS and SF-12 physical scores. Hips with wear were younger at first and last surgery and had longer intervals between surgeries. They more often had a pain-free period, which moreover was longer. They were more often males. Their pain was deeper and less burn like. They had higher HOOS scores. Hips with periarticular pain were older at first surgery, had fewer prior revision procedures, and had shorter intervals between last surgery and study assessment. Their pain was more often burning and less often deep; daily variation was more often mechanical and less often inflammatory in origin or with constant pain. Pain level was higher. HOOS scores were higher. Hips with material problems more had constant pain and less often mechanical pain. Hips with projected pain were older at last surgery and had shorter pain-free periods after surgery. The type of pain was more often sharp, and pain level was lower.

Figure 2 shows onset time for the various causes, shedding light on which causes may be found at what interval, and in what proportion compared to the other causes. It shows that early pain is more likely to be periarticular, medium-term pain more likely to be projected, and late pain more likely to be related to wear. Nevertheless, each cause can obviously be found and must be sought at any time point.

Table 4 present the comparison between primary and revision surgery. We found no difference for patients' characteristics between primary and revision groups except for the age at first surgery with younger patients in revision group. HOOS and SF-12 mental scores were lower in revision group. We did not find a significant difference in final diagnosis found.

Discussion

The main result is that a diagnosis and a cause of pain in the hip can be determined in the majority of cases, as the present study had 3.5% of cases for which a diagnosis was not able to be determined.

Our hypothesis is confirmed. One quarter of hips had projected pain, another quarter had periarticular pain. Ten percent had loosening (6% of the cup, 4% of the femoral component); 8.5% had material problems; and other causes were rarer. The study showed the importance of clinical examination to avoid overlooking an extra-articular cause, which concerned more than half of the hips. The graph of the time of onset of each cause could help surgeons to focus more on certain causes, but it is important to consider all causes at any time. Hips, moreover, may show several causes. The take-home message is to avoid preconceived diagnosis: it is important to perform extensive exploration of the pain.

The present findings are supported by previous studies highlighting the importance of back problems, which worsen the results of THA and lead to poor results [START_REF] Eneqvist | Lumbar surgery prior to total hip arthroplasty is associated with worse patient-reported outcomes[END_REF][START_REF] Loth | Impact of comorbidities on outcome after total hip arthroplasty[END_REF]. Periarticular pain is poorly described: the best described is iliopsoas impingement, because of its surgical treatment [START_REF] Benad | Technique to treat iliopsoas irritation after total hip replacement: thickening of articular hip capsule through an abridged direct anterior approach[END_REF][START_REF] Morohashi | Iliopsoas impingement after revision total hip arthroplasty treated with iliopsoas muscle transection[END_REF], but we found no studies of prevalence. Loosening is not the most common cause of painful THA, whereas it is the most common cause of revision; however, it represented only 10% of painful prostheses in the present series, so the other causes have to be borne in mind.

Analysis of secondary endpoints may suggest risk factors for each cause; however, the study was not designed with this as a main objective, and the results are no more than suggestive. Hip without diagnosis were younger. Unexplained painful hip arthroplasty is poorly studied, but some authors suggest means of identifying the cause [START_REF] Cuckler | Unexplained pain after THR: what should i do?[END_REF]; even after extensive research, however, no cause could be identified in 3.5% of the present hips. Hips arthroplasties with infection had higher BMI; this has been well described and is in agreement with the literature [START_REF] Loth | Impact of comorbidities on outcome after total hip arthroplasty[END_REF][START_REF] Demik | Complications and obesity in arthroplasty-A hip is not a knee[END_REF][START_REF] Bookman | Obesity: the modifiable risk factor in total joint arthroplasty[END_REF]. Hips with implant wear were young, male, and with longer pain-free periods. A longer pain-free period is logical: by definition, a hip with wear was pain free before onset of pain. The high rate of severe wear in young patients is also well reported [START_REF] Sonohata | Wear of XLPE liner against zirconium heads in cementless total hip arthroplasty for patients under 40 years of age[END_REF]. Hips with periarticular pain were older at first surgery, had fewer prior revision procedures, and their pain level was higher. One explanation could be that these patients have less tolerance for pain because they had higher clinical scores, but it must be borne in mind that there might be another cause for what we call tendinitis. Ten years ago, if a patient presented with trunnionosis [START_REF] Cooper | Corrosion at the head-neck taper as a cause for adverse local tissue reactions after total hip arthroplasty[END_REF][START_REF] Lachiewicz | Trunnion corrosion in metal-on-polyethylene hip arthroplasty[END_REF], it would probably have been called trochanteric bursitis as we did not know what it was. Hips with projected pain were older at last surgery and had shorter pain-free periods after surgery. Most of these projected pains were in the back, and, although the incidence of low back pain should be lower after 65 years of age [START_REF] Hoy | The Epidemiology of low back pain[END_REF], this is not what we found. This raises the question of changing the pelvic position after THA [START_REF] Komiyama | Dynamic hip kinematics during squatting before and after total hip arthroplasty[END_REF]. The repartition of diagnosis found in primary and revision group seems similar in our study but the small size of each group can explain the lack of difference.

There are several limitations in the present study that might affect the results. One was that the design was retrospective; however, we included all consecutive cases meting the inclusion criteria and were able to include quite a large number of hips. In addition, there were few missing data. The diagnostic decision tree may be a second limitation and would need specific evaluation of its reproducibility and precision. A further point is that the study is only descriptive and did not have a control group which could have helped to better assess patient characteristics. A given patient can show several causes or be borderline between 2 causes. For example, a hip can have a both cup misplacement and iliopsoas tendinitis; in this particular case, the case would be considered as tendinitis if there was less than 10 overhang and misplacement if not. Analysis of surgical approach, type of implant, implant alignment, and postoperative care could have found other risk factors, but these points were not studied here.

Conclusion

To our knowledge, this is the first study on the causes of painful hip arthroplasty in clinical practice, whether leading to revision or not. A systematic approach is needed to find the cause of the pain: physical examination, radiographic assessment, and laboratory studies. It is important to understand the pain so that it can be treated appropriately. Revision surgery can sometimes helpdbut the worst thing is to make the patient worse.

Fig. 1 .

 1 Fig.1. Decision tree for painful hip arthroplasty. CT, computed tomography; MRI, magnetic resonance imaging.

Fig. 2 .

 2 Fig. 2. Emergence of each frequent cause of painful hip arthroplasty.

Table 1

 1 Comparison of Continuous and Discrete Variables According to Frequent Causes of Painful Hip Arthroplasty.

	P			.195			.155			.575			7.68E-	18		3.50E-	04		.976			.035		
	Pain-Free	Period (y)		5.6 ± 4.3	9.4 ± 6.5		4.8 ± 3.1	9.4 ± 6.5		8.4 ± 7.2	9.4 ± 6.4		16.3 ± 4.9	7.1 ± 5.2		6.3 ± 5.3	10.3 ± 6.5		9.3 ± 2.3	9.3 ± 6.8		7.4 ± 5.4	9.9 ± 6.7	
	P			.191			.120			.745			2.16E-	22		8.60E-	06		.318			.128		
	Interval After Last	Surgery (mo)		73.2 ± 56.5	115.2 ± 83.8		61.7 ± 43.1	115.3 ± 83.7		107.9 ± 89.5	114.3 ± 82.7		216.3 ± 60.9	88.2 ± 66.9		71.0 ± 55.3	129.0 ± 86.3		133.0 ± 50.3	111.9 ± 85.5		97.9 ± 69.9	118.8 ± 86.7	
	P			.031			.638			.843			2.42E-	06		.013			.869			.010		
	Age at Last	Surgery		51.2 ± 13.2	60.9 ± 11.6		58.4 ± 9.2	60.7 ± 11.8		60.1 ± 10.0	60.7 ± 11.9		53.0 ± 10.0	62.5 ± 11.4		64.0 ± 10.6	59.4 ± 11.9		60.1 ± 9.6	60.6 ± 11.9		64.3 ± 12.5	59.4 ± 11.2	
	P			.055			.712			.991			.737			.047			.306			.926		
	Number of	Prior Revisions		1.3 ± 1.3	0.5 ± 1.1		0.7 ± 1.2	0.5 ± 1.1		0.5 ± 1.1	0.5 ± 1.1		0.5 ± 0.9	0.5 ± 1.1		0.2 ± 0.6	0.6 ± 1.2		0.8 ± 2.2	0.5 ± 0.9		0.5 ± 0.9	0.5 ± 1.2	
	P			.033			.617			.852			5.73E-	05		.002			.523			.272		
	Age at First	Surgery		45.5 ± 16.1	56.9 ± 13.7		53.7 ± 10.2	56.6 ± 14.0		57.0 ± 13.6	56.4 ± 14.0		48.7 ± 12.7	58.4 ± 13.5		61.5 ± 10.0	54.7 ± 14.7		58.5 ± 9.8	56.3 ± 14.2		58.4 ± 16.5	55.9 ± 13.0	
	P			.509			8.21E-	05		.395			.792			.310			.298			.643		
				± 3.0	± 6.1		± 5.4	± 5.8		± 5.4	± 6.1		± 6.0	± 6.0		± 4.8	± 6.4		± 5.1	± 6.1		± 6.9	± 5.7	
	BMI			31.5	30.0		39.4	29.8		29.0	30.2		30.3	30.0		29.3	30.3		28.6	30.2		30.4	29.9	
	Female	Gender		42.86%	61.34%		66.67%	60.51%		55.00%	61.33%		35.00%	67.08%		71.70%	56.76%		64.71%	60.33%		67.35%	58.55%	<.005.
	Diagnosis Number %	of Hips	None	Yes 7 3.48%	No 194 96.52%	Infection	Yes 6 2.99%	No 195 97.01%	Loosening	Yes 20 9.95%	No 181 90.05%	Wear	Yes 40 19.90%	No 161 80.10%	Periarticular pain	Yes 53 26.37%	No 148 73.63%	Material problem	Yes 17 8.46%	No 184 91.54%	Projected pain	Yes 49 24.38%	No 152 75.62%	Bolded values represents the P-value

Table 2

 2 Qualitative Variables According to Frequent Causes of Painful Hip Arthroplasty on Analysis of Variance (Chi-Square Test or Fisher's Exact Test, as Appropriate).

	Final	Side	Gender	Etiology	Type of	Daily	Pain Same as	Pain	Pain-	Managed	Mobility	Walking	Devane
	Diagnosis			of First	Pain	Variation	Preop	Level	Free	in Our			Activity
				Prosthesis					Period	Center			Level
	None	0.998	0.993	0.929	0.994	0.961	0.985	0.480	0.993	0.997	0.992	0.929	0.797
	Infection	1.000	0.998	0.995	0.991	0.956	0.998	0.874	0.992	0.977	0.963	0.757	0.571
	Loosening	0.554	0.583	0.983	0.014	4.43E-03	0.990	0.074	0.423	0.906	0.994	0.575	0.589
	Wear	0.593	2.01E-	0.912	0.009	0.831	0.984	0.938	0.004	0.962	0.986	0.898	0.808
			04										
	Periarticular	0.426	0.056	0.953	3.89E-	0.027	0.988	0.018	0.607	0.949	0.967	0.890	0.738
	pain				05								
	Material	0.564	0.724	0.932	0.567	3.83E-05	0.979	0.166	0.980	0.953	0.982	0.208	0.759
	problem												
	Projected	0.662	0.273	0.963	0.006	0.058	0.981	0.003	0.678	0.978	0.996	0.996	0.964
	pain												
	Bolded values represents the P-value <.05.										

Table 3

 3 Clinical Scores According to Frequent Causes of Painful Hip Arthroplasty. Subgroup analysis per cause distinguished 7 subgroups. Comparisons concerned rates of established diagnosis, infection, loosening, wear, periarticular pain, material problems, and projected pain; the other subgroups were not compared because of low numbers, preventing representativeness and meaningful statistical analysis. Continuous and discrete variables are compared in Table

	Diagnosis	Number of Hips	HOOS	P	SF-12 Mental	P	SF-12 Physical	P
	None							
	Yes	7	33.1 ± 19.1	.003	45.2 ± 12.4	0.001	30.0 ± 8.2	0.483
	No	194	56.4 ± 20.5		56.1 ± 8.6		33.0 ± 10.9	
	Infection							
	Yes	6	44.0 ± 26.1	.169	54.0 ± 11.4	0.641	29.6 ± 5.8	0.459
	No	195	55.9 ± 20.7		55.7 ± 8.9		33.0 ± 11.0	
	Loosening							
	Yes	20	43.3 ± 16.7	.009	53.0 ± 11.1	0.161	28.0 ± 7.7	0.040
	No	181	56.8 ± 20.9		56.0 ± 8.6		33.4 ± 11.0	
	Wear							
	Yes	40	62.2 ± 17.8	.029	58.2 ± 6.8	0.054836	34.0 ± 11.4	0.464922
	No	161	53.9 ± 21.3		55.1 ± 9.3		32.6 ± 10.7	
	Periarticular pain							
	Yes	53	62.0 ± 22.6	.011	56.7 ± 7.6	0.3396	35.1 ± 12.0	0.0869
	No	148	53.3 ± 19.8		55.3 ± 9.3		32.1 ± 10.3	
	Material problem							
	Yes	17	51.0 ± 22.9	.349	57.6 ± 8.0	0.363	32.6 ± 9.5	0.928
	No	184	56.0 ± 20.7		55.5 ± 9.0		32.0 ± 11.0	
	Projected pain							
	Yes	49	55.6 ± 18.1	.993	54.1 ± 9.2	0.172	33.8 ± 11.1	0.506
	No	152	55.6 ± 21.8		56.2 ± 8.8		32.6 ± 10.8	

Bolded values represents the P-value <.05.

Table 4

 4 Comparison Between Primary and Revision Surgery.

	Parameter	Primary Surgery	Revision Surgery	P
	Number of Patients	142	59	-
	Age at first surgery	60.0 ± 11.5	48.0 ± 15.6	7.85E-09
	Female	84; 59.15%	38; 64.41%	.488
	Right side	66; 46.48%	27; 45.76%	.926
	Diagnosis found			
	None	4; 2.82%	5; 8.47%	.396
	Infection	4; 2.82%	2; 3.39%	
	Loosening	16; 11.27%	4; 6.78%	
	Wear	27; 19.01%	13; 22.03%	
	Periarticular pain	42; 29.58%	11; 18.64%	
	Material problem	13; 9.15%	4; 6.78%	
	Projected pain	34; 23.94%	15; 25.42%	
	BMI	30.0 ± 5.9	30.1 ± 6.3	.990
	Number of prior	0	1.7 ± 1.4	-
	revision			
	Interval after last	121.0 ± 84.8	96.1 ± 77.2	.054
	surgery (mo)			
	Pain-free period (y)	9.4 ± 6.5	9 ± 6.5	.676
	HOOS	57.8 ± 20.7	50.2 ± 20.6	.023
	SF-12 mental	57.3 ± 7.5	51.9 ± 10.8	1.23E-04
	SF-12 physical	33.8 ± 11.2	30.5 ± 9.6	.057

Bolded values represents the P-value <.05.
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