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Abstract

:

Hip dysplasia (HD) is a typical developmental abnormality of the hip joint, and discomfort is often found in adulthood. This study compared patients with symptomatic HD in muscle strength, dynamic balance, and range of motion (ROM) with healthy individuals. Patients included those who complained of unilateral pain although the lateral center edge angle (LCEA) exhibited bilateral abnormality. Participants (n = 95; men: 46, women: 49) were divided into symptomatic and asymptomatic sides, and a healthy group without a history of hip joint disease (n = 70; men: 30, women: 40) was compared. Hip flexion, extension, abduction, and adduction were performed at an angular velocity of 30°/s using an isokinetic strength test device. The Y-balance test was conducted to measure dynamic balance, and ROM was measured using an electronic goniometer to evaluate flexion, extension, adduction, abduction, and internal and external rotations. In addition, the pain visual analog scale (VAS) and hip and groin outcome scale (HAGOS), a subjective evaluation of the hip joint, were evaluated. ROM (flexion, abduction, internal rotation, and external rotation) was significantly decreased in the HD symptomatic sides of men and women compared to those of the healthy group and the asymptomatic side, and the dynamic balance, flexion, and abduction muscle strength were also lower on the symptomatic sides. Although the LCEA of the HD asymptomatic side was lower than that of the healthy group, there were no significant differences in VAS, flexion, extension, abduction ROM, and extension strength compared to those of healthy individuals. In conclusion, patients with HD were mostly bilateral, and on the symptomatic side, there was a decrease in ROM, dynamic balance, and muscle strength; however, on the asymptomatic side, the function was relatively close to normal.
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1. Introduction


Hip dysplasia (HD) is a condition in which the ball-shaped head of the femur is uncovered in the hip socket [1,2]. HD causes instability owing to the shallow depth of the hip joint and sometimes causes dislocation and subluxation. In addition, the deformed hip joint causes friction between the femoral head and acetabulum, damaging surrounding tissues such as the labrum. This results in pain and functional limitations of the hip joint [3]. HD is considered a leading precursor of osteoarthritis, as development of hip osteoarthritis in 20–40% of patients is due to HD [4].



Because HD is a disease that originally occurs during growth, it is referred to as developmental dysplasia of the hip (DDH), with a prevalence of 0.24%; however, most cases are not recognized and only present with pain in adulthood [5]. Although there is no clear etiology, it is known that the incidence rate is higher in women than in men, and the probability of occurrence is slightly higher due to family history and occurs more frequently in babies that presented in breech position [6,7,8]. Treatment includes surgery and conservative therapy, and the decision is made by a specialist based on the severity, radiological findings, physical examination, and the patient’s symptoms. Typically, surgical treatments include arthroplasty, osteotomy, and debridement [9]. Conservative therapy should be considered if immediate surgery is not required [4]. Because HD involves the morphological structure, correcting the biomechanical structure through surgery is a pivotal treatment method. However, because HD does not necessarily require surgery, other modalities such as physical therapy, injections, and exercise rehabilitation may be beneficial. In a previous study, 56% of the participants opted for surgery and 44% preferred conservative treatment; the results were satisfactory in both groups [10]. In addition, it was reported that flexion strength, pain scale, and subjective hip joint score in patients with HD significantly improved after 8 weeks of strength training [11].



The symptoms of HD vary according to severity and location, and 97% of patients complain of intra-articular discomfort [12]. In addition, gait changes and abnormalities in patients with HD and reduced range of motion (ROM), resulting in anxiety and depression, negatively affect the patient’s daily life [13,14,15]. Despite the fact that hip muscle strength and balance assessment are required to complete the objective physical examination of patients with HD, there is limited information available to understand the condition of patients with HD [16,17]. Some muscle strength studies on HD have been performed before and after surgery [18,19]. However, these studies did not distinguish between the sexes, and studies measuring balance are uncommon. Very few studies have used an isokinetic dynamometer, which is considered the gold standard for measuring muscle strength [20].



Muscle strength, ROM, and balance are objective, representative physical examinations to evaluate whether a patient has improved along with the pain, and ultimately, it is very important for orthopedic surgeons, physical therapists, and sports medicine specialists to recognize the specificity of HD [17,21,22]. Therefore, the purpose of this study was to include men and women with unilateral symptoms. The isokinetic muscle strength, dynamic balance, and ROM of the symptomatic and asymptomatic sides were compared with those of healthy individuals. The results of this study are intended to help elucidate the functional characteristics and asymmetry in patients with HD and contribute to the creation of rehabilitation and improvement programs. In this study, the following hypothesis is proposed: the strength and balance would be lower than those in the healthy group, and muscle strength and balance will have different trends on the symptomatic and asymptomatic sides compared to those of the healthy group.




2. Materials and Methods


2.1. Experimental Design


In this study, the healthy group and HD patients were recruited through the bulletin board. Patients with only unilateral HD symptoms were included, and bilaterally severe patients were excluded. The participants voluntarily participated, listened to the explanation of the study from the researcher, and filled out a written consent form. This study complied with the tenets of the Declaration of Helsinki and was approved by the Institutional Review Board of Gangneung-Wonju National University (approval number: GWNU IRB 2021-13).



In the order of the test, subjective score, ROM, dynamic balance, and isokinetic muscle strength were measured using a questionnaire. For measurement, the dominance side of a healthy person was measured, and both sides of the HD patient were examined. The analysis compared the healthy group and the asymptomatic HD side (HDast), and the healthy group and the symptomatic HD side (HDst).




2.2. Participants


Participants were adults (age: 20–45 years) who visited our hospital for hip pain and voluntarily participated in the study after obtaining information via a bulletin board at the center. The specialist diagnosed HD based on measurements using X-rays (lateral center edge angle, LCEA < 25°) (Figure 1A) [23]. Physical examination and pain scale evaluation were performed for diagnosis. The LCEA was measured in two ways: (1) a line perpendicular to the transverse axis of the pelvis from the center of the femoral head and (2) a line from the center of the femoral head to the lateral point of the acetabulum [24].



The initial number of patients was 150; however, those who complained of severe bilateral hip pain (n = 8), who required surgery (n = 16), and those with a history of treatment in the lower extremities (n = 7) were excluded. In addition, to exclude the possibility of pain due to degeneration, patients over 45 years of age (n = 24) were excluded. The final analysis included 46 men and 49 women patients with HD; healthy individuals (men: 30, women: 40) were recruited through the bulletin board as the control group (age: 20–45 years, without past orthopedic diseases or pain in the hip, knee, or lower back).




2.3. Isokinetic Strength Test


The isokinetic strength test was performed using a CSMi isokinetic dynamometer (CSMi HUMAC NORM; Stoughton, MA, USA) (Figure 1B). Hip abduction, adduction, flexion, and extension were performed in concentric contraction mode at angular velocity of 30°/s [25,26]. Before the test, the patient performed warm-up exercises for 15–20 min using a stationary bicycle, and the active ROM and pain status for the test were determined. The examiner provided explanations and demonstrations, and then exercises were performed to familiarize the patient with the examination. The asymptomatic joint was measured first, followed by the symptomatic side. After practicing three times, the test was conducted four times. Muscle strength was expressed as far as possible within the range at which the pain could be tolerated. Abduction and adduction were measured with participants in the side-lying position. The axis of the hip joint was aligned with the machine. The axis of the hip was superior and medial to the greater trochanter. The angle of the examination was measured from 0° in the neutral position to 45° degrees of abduction. The flexion and extension tests were performed with participants in the supine position. The angle of examination was measured from 0° of neutral forge to 100° of flexion. The handrail was held, and the chest, pelvis, and opposite leg were fixed with straps to prevent body movement during the examination. Gravity adjustment was performed to eliminate the effects of the weight of the lower extremity segment. After the values were recorded as Nm values, the Nm values per body weight (Nm/kg) were calculated for the analysis.




2.4. Dynamic Balance Test


Dynamic balance was measured using the YBT (Y Balance Test™, Cerder Park, TX, USA). The YBT measures balance ability in three directions using a Y-shaped device: anterior, posteromedial, and posterolateral (Figure 1C) [27]. The participant stood in the center of the equipment on one foot and measured the furthest possible distance that can be reached with the opposite leg in the three directions. Before the test, three or more exercises were attempted to enable the participants to fully understand, and the measurer explained and demonstrated to familiarize the participants with the test. The asymptomatic side of the participant was examined first, and then the symptomatic side was measured. The anterior direction was measured first, followed by the posteromedial and posterolateral directions. If during the test balance was lost and both feet touched the ground, it was considered a failure, and the test was redone after 5 min of rest. The test was conducted three times, and the average value was used. The formula is as follows:


Score = [(sum of distance in three directions)/(length of lower extremity × 3)] × 100








where the length of the lower extremity is the distance from the anterior superior iliac spine to the center of the medial malleolus. A safe test environment was established in preparation for the risk of falls that could occur during the measurement. In the event of a fall, a collision hazard prevention, anti-skid, and assistive monitoring environment was created.




2.5. Range of Motion Measurement


The ROM test measured abduction, adduction, flexion, and extension by using an electronic goniometer (CYBEX EDI 320, CYBEX Inc., Stoughton, MA, USA). Adduction, abduction, extension, and flexion were measured with the participants lying supine. Internal and external rotations were measured with participants sitting down. The maximum active ROM was measured by an experienced examiner, and the higher value was recorded twice. If the error exceeded 3°, it was re-measured.




2.6. Subjective Hip Scoring Questionnaire


The Copenhagen Hip and Inguinal Outcome Score (HAGOS) is a frequently used clinically based questionnaire for subjective self-assessment of hip patients and has demonstrated reliability and validity [28,29]. The questionnaire consisted of six parts (37 questions): pain (10 questions), symptoms (7 questions), function in daily living (5 questions), sport and recreation (8 questions), participation in physical activities (2 questions), and quality of life (5 questions). In the score calculation, 100 points were calculated for each of the six parts, and the final average of the last six parts was calculated. Lower scores signified worse conditions.




2.7. Data Analysis


The sample size was calculated using G*power software (G*power 3.1, University of Düsseldorf, Düsseldorf, Germany): effect size d = 0.5; α error = 0.05; power, (1 − β err prob) = 0.80; and difference between two independent means (two groups). Statistical analysis was performed using SPSS 25.0 (SPSS Inc., Chicago, IL, USA). The Kolmogorov–Smirnov test revealed that the main variables being analyzed did not display normal distribution. Therefore, a non-parametric analysis was performed. Comparisons between the healthy and patient groups were performed using the Mann–Whitney U test. To compare the three groups (healthy group, HD asymptomatic side, and HD symptomatic side), the Kruskal–Wallis test was performed. The post hoc test was conducted using the Bonferroni correction. For categorical variables, the chi-squared test was used. Statistical significance was set at p < 0.05.





3. Results


3.1. General Characteristics of Participants


Table 1 presents the general characteristics of the healthy and HD groups. Age, height, weight, and BMI were not significantly different between the groups. Patients exhibited a higher incidence of bilateral HD. In the HAGOS, which subjectively evaluates hip discomfort in various situations, all components were significantly lower in the HD group than in the healthy group.




3.2. Hip Morphology Angle, Pain, and Range of Motion


The LCEA, VAS, and ROM values of the asymptomatic (HDast), symptomatic (HDst), and healthy groups were compared (Table 2). Both men and women had asymptomatic and symptomatic LCEAs, which were significantly lower than those in the healthy group. Pain on the symptomatic side of the patients was greater than that in the healthy group and the asymptomatic side. There was no significant difference in pain on the asymptomatic side in both sexes compared to that in healthy individuals, although the LCEA exhibited a significant difference.



Regarding the symptomatic side, ROM in men and women, flexion, abduction, internal rotation, and external rotation were significantly lower than in the healthy and asymptomatic groups. Abduction of the asymptomatic side in men was significantly reduced compared with that in the healthy group.




3.3. Y-Balance Test of Healthy Participants and Patients with Hip Dysplasia


The posterolateral scores of the asymptomatic side of men and women with HD were significantly lower than those of the healthy group. Additionally in the symptomatic side, the anterior, posteromedial, posterolateral and total scores were significantly reduced compared to those of the healthy group and the asymptomatic side (Table 3).




3.4. Isokinetic Hip Strength of Healthy Participants and Patients with Hip Dysplasia


The muscular strength of symptomatic men and women was significantly weaker in flexion and abduction than those in the healthy group and those of the asymptomatic side. Similarly, the asymptomatic group had significantly lower flexion and abduction than the healthy group. There was no significant difference in men’s adduction, but women’s adduction was significantly lower compared to that in the healthy group and of the asymptomatic side (Table 4).





4. Discussion


HD is sometimes referred to as acetabular dysplasia and is a secondary hip joint problem that occurs because the acetabulum does not sufficiently cover the femoral head. A general diagnosis is to measure LCEA using X-rays, and >25° is considered normal, pathological disorder is <20°, and borderline dysplasia is 20–25° [24]. HD is a classic developmental disorder; with an incidence of 0.24%, but because it does not necessarily cause pain, it is often undiagnosed or is only discovered in adulthood [5]. Therefore, there is little information about the muscle strength that accurately reflects the condition of patients with HD. The purpose of this study was to analyze the characteristics of hip adduction, abduction, flexion, and extension muscle strength using isokinetic equipment in patients with HD.



The study by Jacobsen et al. [30] was a very rare study that investigated the muscle strength of 100 patients (men: 17; women: 83) with HD, although there was no sex distinction or control group. The muscle strength of the patients was 1.2 Nm/kg in flexion, 1.2 Nm/kg in extension, 1.8 Nm/kg in adduction, and 1.1 Nm/kg in abduction; those results were in agreement with the findings of this study. The representative result of this study was that both men and women with HD had significantly lower muscle strength in abduction and flexion than those of the healthy group. These results were identical to those of Sørensen et al., who compared patients with HD and controls [31].



Some studies have evaluated the muscle strength before and after HD surgery. In a study comparing them with the control group, preoperative muscle strength of 82 HD patients was flexion 1.2 Nm/kg, extension 1.8 Nm/kg, abduction 1.2 Nm/kg, and adduction 1.1 Nm/kg, and all movements were weaker than those in the healthy group [19]. Sucato et al. [18] measured abduction and flexion using isokinetic equipment before and after Ganz periacetabular osteotomy surgery in 24 adolescent patients with HD. Before surgery, abduction was 0.618 Nm/kg and flexion was 0.824 Nm/kg. Because these studies included patients requiring surgery, the conditions were different from those of the participants in this study; therefore, the results would have been slightly different.



Although not studied in HD, weak muscle strength has often been reported in other hip disorders. In a muscle strength study comparing healthy individuals and patients with acetabulum impingement, there was a difference of 28% in adduction, 11% in abduction, and 18% in external rotation, with no significant difference in extension [32]. When comparing the muscle strength according to hip osteoarthritis, adduction 25%, abduction 31%, and extension 18% were significantly lower than those in the healthy group, but no significant difference was found in extension. The results of this study were similar to those of the present study [33]. In this study, extension and adduction were less affected by HD. These results have also been reported in previous studies. In one study, the muscle strengths that exhibited the least change before and after surgery were extension and adduction [19]. Another study analyzed only abduction and flexion, whereas adduction and extension were excluded [18,34]. One study measured abduction only in patients with HD [35].



In the current study, the YBT was measured to determine the dynamic balance of HD. YBT has long been used as a tool to evaluate the coordination ability of athletes, patients, and older individuals [27,36]. Although studies on balance in HD patients are very rare, it is instructive to measure dynamic balance because HD causes instability due to the shallow ball-and-sock joint depth.



The YBT results displayed a different trend from that of muscle strength. There was no significant difference between the asymptomatic HD side and the healthy group, but the symptomatic side was significantly lower. This indicates that the association between muscle strength and dynamic balance is not strong, and similar results have been reported in a previous study. Wilson et al. [37] analyzed the correlation between the hip muscle strength test and YBT in a healthy group and determined that it was ‘moderate’ or ‘weak’.



Furthermore, Kumar et al. demonstrated no significant difference between YBT and hip joint lesions. Radiological results and YBT results were analyzed for the healthy group and the group with hip disorders. The group with acetabulum and femur cartilage lesions and osteoarthritis did not show significant YBT values compared with those of the healthy group [38]. However, it is controversial that this study was conducted without sex distinction.



The inclusion criterion for this study was unilateral pain. However, the radiographic results revealed that there were bilateral patients. This means that bilateral HD could present with unilateral pain; this finding was mentioned in a previous study [39]. This further confirms that HD does not necessarily cause pain and suggests the possibility of conservative therapy. In this study, unilaterality was found in 65.6% of men and 62.5% of women. Previous studies also reported that HD was unilateral in 63.4% of men with a higher incidence in women (75.5%) [40].



The results of this study can be applied in clinical practice as follows: Regarding rehabilitation and sports medicine, the primary goal is to improve the functions of soft tissues such as muscles, ligaments, tendons, and nerves; however, HD is a morphological problem involving the bones. Therefore, it is necessary to improve the tolerance to pain and the function of daily life by improving the flexibility and muscle strength of the surrounding tissues through stretching. Symptomatic HD includes abduction, flexion, and internal rotation. Even if symptoms appear unilateral, it is possible that the patient has bilateral HD, and muscle strength improvement rather than ROM improvement is recommended.



The limitations of this study are that the age range was relatively large and it was a single-center study. Many patients with DDH are asymptomatic, whereas the number of symptomatic patients is very small. Therefore, further studies involving larger cohorts from multiple institutions should be recruited. There are eccentric and concentric contractions in muscle contraction modes, and concentric contractions were measured in this study. Since studies on muscle strength tests in HD patients are rare, we conducted a concentric contraction mode with reference to previous study for safety [18]. In future studies, rehabilitation interventions are required. Several studies have evaluated muscle strength and subjective scores before and after surgery [18,19]; however, rehabilitation exercise intervention studies are rare [11]. Therefore, studies using various interventions, such as walking, cycling, water exercise, stretching, strength training, and balance training, are required to develop comprehensive rehabilitation programs to relieve pain and enhance the quality of life and activities of daily living of patients with HD.




5. Conclusions


This study measured ROM, muscle strength, and dynamic balance in symptomatic patients with HD. The symptomatic side of the patient exhibited weak abduction and flexion muscle strength and decreased dynamic balance compared with the healthy group and the asymptomatic side. Although the LCEA of the asymptomatic group was small, the pain scale was mild. In addition, flexion, extension, and adduction ROM were normal in both men and women.
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Figure 1. (A) Center edge of angle of hip dysplasia; (B), hip strength test; (C), Y-balance test. 
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Table 1. General characteristics of participants.
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	Healthy (n = 30)
	HD

(n = 46)
	p-Value
	Healthy (n = 40)
	HD

(n = 49)
	p-Value





	Age, years
	35.4 ± 3.4
	36.2 ± 13.6
	0.234
	34.9 ± 5.2
	35.5 ± 10.8
	0.376



	Height, cm
	172.7 ± 4.9
	174.1 ± 7.3
	0.429
	162.9 ± 3.5
	161.5 ± 4.7
	0.088



	Weight, kg
	73.7 ± 11.1
	74.2 ± 13.1
	0.661
	56.8 ± 7.1
	57.2 ± 9.1
	0.920



	BMI, kg/m2
	24.7 ± 3.6
	24.4 ± 3.5
	0.343
	21.0 ± 2.4
	21.9 ± 3.2
	0.584



	HD Bilateral, n (%)
	–
	39 (84.8%)
	–
	–
	41 (83.7%)
	–



	HD Unilateral, n (%)
	–
	7 (15.2%)
	–
	–
	8 (16.3%)
	–



	Pain duration, month
	–
	7.2 ± 1.6
	–
	–
	5.1 ± 2.1
	–



	HAGOS total score
	97.5 ± 1.2
	49.5 ± 22.3
	<0.001
	97.1 ± 1.4
	49.8 ± 21.5
	<0.001



	  Symptoms
	97.4 ± 0.9
	57.4 ± 19.4
	<0.001
	98.1 ± 1.0
	65.8 ± 18.6
	<0.001



	  Pain
	97.0 ± 1.3
	62.8 ± 15.4
	<0.001
	96.3 ± 2.0
	55.4 ± 22.5
	<0.001



	  ADL
	98.1 ± 1.0
	58.6 ± 21.6
	<0.001
	96.4 ± 1.8
	60.6 ± 17.1
	<0.001



	  Sport and recreation
	98.3 ± 0.9
	40.4 ± 25.0
	<0.001
	97.0 ± 1.3
	35.9 ± 21.0
	<0.001



	  Physical activity
	97.5 ± 1.3
	42.0 ± 24.1
	<0.001
	98.8 ± 1.1
	40.1 ± 23.8
	<0.001



	Quality of life
	98.0 ± 1.1
	35.1 ± 28.3
	<0.001
	95.9 ± 2.1
	41.2 ± 26.5
	<0.001







p < 0.05; Abbreviations: BMI, body mass index; HD, hip dysplasia; HAGOS, hip and groin outcome scale; ADL, activities of daily living.
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Table 2. Participant’s hip morphology angle, pain, and range of motion.
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Variables

	
Men

	

	
Women

	




	
Healthy

	
HDast

	
HDst

	
p-Value

	
Healthy

	
HDast

	
HDst

	
p-Value






	
LCEA, degree

	
37.0 ± 5.8

	
18.8 ± 2.7 a

	
16.3 ± 2.5 b,c

	
<0.001

	
38.1 ± 5.9

	
17.9 ± 2.9 a

	
16.7 ± 2.3 b,c

	
<0.001




	
VAS

	
1.3 ± ±0.4

	
2.2 ± 0.9

	
5.7 ± 1.5 b,c

	
<0.001

	
1.2 ± 0.7

	
2.7 ± 1.1

	
5.9 ± 1.7 b,c

	
<0.001




	
ROM, degree

	

	

	

	

	

	

	

	




	
Flexion

	
134.2 ± 12.1

	
132.4 ± 12.6

	
118.4 ± 18.8 b,c

	
<0.001

	
142.1 ± 14.9

	
135.4 ± 18.9

	
131.1 ± 21.7 b,c

	
<0.001




	
Extension

	
17.2 ± 3.8

	
16.5 ± 3.5

	
15.1 ± 7.2

	
0.215

	
19.4 ± 5.4

	
17.2 ± 4.6

	
16.8 ± 6.9

	
0.254




	
Adduction

	
25.6 ± 3.9

	
24.4 ± 3.5

	
22.1 ± 6.4

	
0.353

	
27.6 ± 6.4

	
24.7 ± 6.1

	
23.4 ± 8.1

	
0.377




	
Abduction

	
42.1 ± 5.8

	
37.1 ± 10.1 a

	
32.1 ± 14.8 b,c

	
<0.001

	
46.9 ± 9.4

	
43.1 ± 10.7

	
35.5 ± 12.1 b,c

	
<0.001




	
IR

	
40.2 ± 5.9

	
37.5 ± 7.4

	
32.4 ± 5.9 b,c

	
<0.001

	
45.1 ± 7.5

	
41.9 ± 8.8

	
35.4 ± 8.9 b,c

	
<0.001




	
ER

	
45.9 ± 5.6

	
39.1 ± 5.9

	
24.9 ± 6.4 b,c

	
<0.001

	
49.9 ± 8.4

	
44.2 ± 10.1

	
30.4 ± 9.1 b,c

	
<0.001








p < 0.05; significance, a = healthy versus HDast; b = HDast versus HDst; c = healthy versus HDst. Abbreviations: HD, hip dysplasia; HDast, hip dysplasia asymptomatic; HDst, hip dysplasia symptomatic; LCEA, lateral center edge angle; VAS, visual analog scale; ROM, range of motion; ER, external rotation.
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Table 3. Y-balance test of healthy participants and patients with hip dysplasia.
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Variables

	
Healthy

	
HDast

	
HDst

	
Healthy to HDast

	
Healthy to HDst




	
% df

	
p-Value

	
% df

	
p-Value






	
Men

	

	

	

	

	

	

	




	
 Anterior, cm

	
62.3 ± 8.9

	
59.9 ± 13.8

	
46.0 ± 15.4 b,c

	
3.9

	
0.347

	
26.2

	
<0.001




	
 Posteromedial, cm

	
90.5 ± 12.0

	
82.8 ± 14.8

	
68.1 ± 19.6 b,c

	
8.5

	
0.296

	
24.8

	
<0.001




	
 Posterolateral, cm

	
93.8 ± 11.9

	
75.7 ± 17.3 a

	
60.7 ± 17.7 b,c

	
19.3

	
<0.001

	
35.3

	
<0.001




	
Total score

	
96.7 ± 11.8

	
85.2 ± 14.2

	
68.5 ± 18.3 b,c

	
11.4

	
0.040

	
29.1

	
<0.001




	
Women

	

	

	

	

	

	

	




	
 Anterior, cm

	
55.5 ± 9.5

	
53.4 ± 14.0

	
40.5 ± 16.1 b,c

	
3.8

	
0.402

	
27.0

	
<0.001




	
 Posteromedial, cm

	
79.4 ± 12.0

	
73.0 ± 16.3

	
52.1 ± 18.6 b,c

	
8.1

	
0.314

	
34.4

	
<0.001




	
 Posterolateral, cm

	
82.8 ± 11.8

	
70.7 ± 15.1 a

	
48.9 ± 18.8 b,c

	
14.6

	
<0.001

	
40.9

	
<0.001




	
 Total score

	
85.9 ± 12.3

	
77.9 ± 15.5

	
55.5 ± 18.1 b,c

	
9.5

	
0.276

	
35.5

	
<0.001








p < 0.05; significance, a = healthy versus HDast; b = HDast versus HDst; c = healthy versus HDst. Abbreviations: HD, hip dysplasia; HDast, asymptomatic hip dysplasia; HDst, symptomatic hip dysplasia; df, difference.
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Table 4. Isokinetic hip strength of healthy and hip dysplasia patients.
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Variables

	
Healthy

	
HDast

	
HDst

	
Healthy to HDast

	
Healthy to HDst




	
% df

	
p-Value

	
% df

	
p-Value






	
Men

	

	

	

	

	

	

	




	
 Flx, Nm/kg

	
2.05 ± 0.23

	
1.83 ± 0.27 a

	
1.32 ± 0.29 b,c

	
10.7

	
0.004

	
35.6

	
0.015




	
 Ext, Nm/kg

	
2.90 ± 0.26

	
2.79 ± 0.24

	
2.74 ± 0.27

	
3.8

	
0.289

	
5.5

	
0.541




	
 Add, Nm/kg

	
1.76 ± 0.54

	
1.70 ± 0.69

	
1.60 ± 0.44

	
3.4

	
0.170

	
9.1

	
0.204




	
 Abd, Nm/kg

	
1.66 ± 0.35

	
1.38 ± 0.44 a

	
0.99 ± 0.48 b,c

	
16.9

	
0.011

	
40.4

	
<0.001




	
 Flx/Ext ratio

	
0.71 ± 0.10

	
0.66 ± 0.09

	
0.48 ± 0.07

	
7.2

	
0.184

	
31.8

	
0.460




	
 Add/Abd ratio

	
1.06 ± 0.12

	
1.23 ± 0.11 a

	
1.62 ± 0.24 b,c

	
13.9

	
0.019

	
34.3

	
<0.001




	
Women

	

	

	

	

	

	

	




	
 Flx, Nm/kg

	
1.67 ± 0.23

	
1.47 ± 0.38 a

	
1.25 ± 0.32 b,c

	
12.0

	
0.024

	
25.1

	
<0.001




	
 Ext, Nm/kg

	
2.56 ± 0.27

	
2.49 ± 0.39

	
2.42 ± 0.35

	
2.7

	
0.534

	
5.5

	
0.549




	
 Add, Nm/kg

	
1.53 ± 0.25

	
1.43 ± 0.26

	
1.01 ± 0.33 b,c

	
6.5

	
0.199

	
34.0

	
<0.001




	
 Abd, Nm/kg

	
1.52 ± 0.19

	
1.26 ± 0.23 a

	
0.94 ± 0.28 b,c

	
17.1

	
<0.001

	
38.2

	
<0.001




	
 Flx/Ext ratio

	
0.65 ± 0.11

	
0.59 ± 0.10

	
0.39 ± 0.08 b,c

	
9.5

	
0.357

	
20.8

	
0.015




	
 Add/Abd ratio

	
1.01 ± 0.14

	
1.13 ± 0.35

	
1.07 ± 0.13

	
11.3

	
0.544

	
6.3

	
0.310








p < 0.05; significance, a = healthy versus HDast; b = HDast versus HDst; c = healthy versus HDst. Abbreviations: HD, hip dysplasia; HDast, asymptomatic hip dysplasia; HDst, symptomatic hip dysplasia; df, difference.
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