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Abstract

:

While several intraoperative devices have been described in the literature for assessing leg length discrepancy (LLD), none have been utilized during total hip arthroplasty (THA) performed via the Anterior Minimally Invasive Surgery (AMIS) approach. The aim of this prospective study was to evaluate the efficacy and accuracy of a compass device in assessing leg length during THA performed using the AMIS technique. A prospective study was conducted involving 35 patients who consecutively underwent unilateral primary THA using the AMIS technique at our department from September 2017 to December 2018. LLD was measured by comparing preoperative and postoperative anteroposterior radiographs of the pelvis, independently assessed by two observers. The mean preoperative LLD was 3.6 (SD 3.9, range, 0.2–19.3) mm. The mean postoperative LLD was 2.5 (SD 3.0, range, 0–12.2) mm. A postoperative LLD of less than 5 mm was observed in 88.2% of cases, with 94.1% having values less than 10 mm. In conclusion, the compass device emerged as a valuable tool for ensuring precise limb length control in THA with the AMIS approach, offering both efficiency and cost-effectiveness in clinical practice.
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1. Introduction


Primary total hip arthroplasty (THA) is a well-established orthopedic procedure that reliably provides pain relief and significant improvement of hip joint biomechanics. The goals of the surgery include restoration of the center of rotation, correct orientation of components, appropriate femoral offset, and equal leg length [1]. Among these key components of successful primary THA, leg length equalization still remains one of the most challenging targets [2,3]. Indeed, lengthening is a rather common occurrence after primary THA, with reported incidences ranging from 1% to 27% [2]. Leg Length Discrepancy (LLD) is a prevalent source of post-THA dissatisfaction [4] with patient frequently reporting mechanical symptoms, such as gait disturbances [5], hip instability potentially resulting in dislocations, and premature component loosening [2]. While uncommon, neurological sequelae have also been documented [6]. Consequently, LLD stands out as a leading cause of legal action [7,8]. A definitive threshold distinguishing acceptable from unacceptable LLD remains elusive [4], although numerous studies suggested that differences within 10 mm may be well tolerable [4,6,9].



Several techniques have been outlined for assessing intraoperative leg length to mitigate LLD [10,11,12,13,14,15,16,17,18,19], yet none have been applied in minimally invasive anterior THA procedures. The aim of this study was to evaluate the efficacy and accuracy of a compass device (Figure 1) used for leg length assessment during minimally invasive anterior THA, with the goal of minimizing LLD and eliminating the necessity for intraoperative fluoroscopy.



The accuracy of the proposed method was compared against measurements obtained from pre- and post-operative radiographs. Additionally, a comprehensive literature review was conducted on strategies to prevent LLD in anterior THA, highlighting the advantages and drawbacks in comparison to the presented technique.




2. Materials and Methods


This prospective study received approval from the local Institutional Review Board (IRB) before enrollment. Detailed information was provided to the patients, and written consent was obtained prior to enrollment.



2.1. Patients Population


Starting from September 2017, patients aged 18 to 80 years with unilateral degenerative hip osteoarthritis suitable to primary THA via the anterior minimally invasive approach were consecutively recruited for this prospective study.



Exclusion criteria included previous hip fracture, contralateral hip arthroplasty, radiographic evidence of residual hip dysplasia, necessity for acetabular augmentation, cerebral palsy, or connective tissue disorders.



A thorough preoperative clinical examination was conducted on all patients to assess the presence of preoperative LLD and to differentiate between radiological and functional causes (such as pelvic obliquity or muscular contracture). In addition, any lumbar scoliosis, sacroiliac joint issues, and pelvic obliquity were routinely assessed. Furthermore, understanding the patient’s perception was deemed crucial. The analysis of all these factors also contributed to assessing the risk of clinically noticeable postoperative LLD [20].



Each patient underwent pre-operative standing radiograph of the pelvis the day before surgery, which were repeated at the 3-month follow-up to measure pre- and post-operative leg length.



In instances where clinical and radiographic assessments concurred on LLD, the discrepancy was likely attributed to an anatomical factor necessitating intraoperative intervention. Conversely, when there was a discrepancy between clinical and radiographic findings, a functional component was indicated, which may be addressed through pre- and postoperative physiotherapy interventions [20].



All THAs were performed by the same experienced surgeon using the Anterior Minimally Invasive Surgery (AMIS) technique as described by F. Laude [21].



Patients were mobilized on the first post-operative day following a standardized rehabilitation protocol.




2.2. Compass Device


The instrument employed for the measurements was a compass device manufactured by MEDACTA International SA (Strada Regina, 6874 Castel San Pietro, Switzerland). This device had a length of 200 mm and consisted of two hinged arms connected at a central pivot point. One arm, featuring a pointed end, was positioned at a predefined location. The rotation of a screw enabled the opening and closing of the other arm until it reached the second point of interest. This screw mechanism allowed the compass to maintain the set opening even after it was removed from the measurement site. Subsequently, the device could be placed on a ruler to ascertain the measured distance. The minimum measurable distance was 10 mm, while the maximum was 110 mm.




2.3. Surgical Technique


The patient was positioned in supine decubitus with the affected leg placed on the AMIS Mobile Leg Positioner (Medacta International, Frauenfeld, Switzerland which was manipulated from outside the surgical field by an expert Product Specialist. The AMIS approach was executed between the tensor fasciae latae muscle laterally and the sartorius and rectus femoris muscles medially. The ascending branch of the lateral circumflex artery was isolated, ligated, and interrupted. Following incision of the joint capsule and removal of the periacetabular osteophytes, the most superior and lateral aspect of the acetabulum was exposed and marked with electric cautery.



Before dislocation, without applying any traction, the affected leg was placed in a neutral position between extension and flexion and at 10 degrees of internal rotation using the Leg Positioner. A unicortical 2.0 mm K wire was then inserted at a point on the intertrochanteric line, as vertically as possible with respect to the mark on the acetabulum. The distance between these two landmarks was measured using the compass device (Figure 2). The K wires were subsequently removed to avoid hindering the preparation and placement of the implant, and their entry point was marked with an electrocautery device to facilitate their retrieval for subsequent measurements.



A standard technique was employed to implant the uncemented acetabular cup (Versafit, Medacta International, Castel San Pietro, Switzerland). The choice between a Ceramic insert Allumina BIODEX or an Ultra-High Molecular Weight Polyethylene insert (Medacta International, Castel San Pietro, Switzerland) was made for each patient based on their age. Following the implantation of the femoral trial components, the hip was reduced, traction was released, stability was assessed, and leg length was measured using the compass device, following the previously described positioning of the leg (Figure 3).



If satisfactory implant stability and appropriate leg length were achieved, the uncemented femoral component (Amistem H, Medacta International, Castel San Pietro, Switzerland) was implanted. Subsequently, leg length was rechecked using the compass device (Figure 4).



At this stage, adjustments were occasionally feasible using head components of varying measures, always ensuring the stability of the implant. All patients underwent evaluation with anteroposterior radiographs of the pelvis before and after the surgical procedure.




2.4. Radiographic Measurements


The LLD was assessed by comparing pre-operative and post-operative radiographs on the same Picture Archiving Communication System (PACS) (Kodak Carestream, Rochester, NY, USA). Positive values of LLD indicated limb lengthening, while negative values indicated shortening. The pre-operative and post-operative LLD were calculated using the trans-teardrop method, as described by Woolson [22], with each data point assessed by two independent observers.



Horizontal lines were drawn through the inferior aspect of the teardrop, and the vertical distance between the most prominent point of the lesser trochanter and the trans-teardrop line was measured on both sides [22] (Figure 5).



After completing these measurements, each dataset was compared using the Bland–Altman plot to evaluate the agreement between the two teardrop measurements made by each independent observer. The Bland–Altman plot depicts the difference between the two quantitative measurements plotted against the averages of the two measurements [23].



The mean LLD, standard deviation (SD), and range of values were calculated both pre-operatively and post-operatively as continuous variables. Patients were divided in two groups: (1) post-operative LLD less than 5 mm, and (2) post-operative LLD less than 10 mm. This cutoff was selected based on previous literature, suggesting that LLD less than 5 mm is well tolerated, while between 5 mm and 10 mm is perceived but has no adverse clinical effects [4,24].





3. Results


Between September 2017 and December 2018, 35 patients meeting the inclusion criteria underwent THA AMIS procedures in our department. Of these, 18 were females (51.4%) and 17 were males (48.6%), with a mean age of 63.8 years (SD: 10.2; range: 40–82) and mean BMI 26.5 (SD: 3.8; range 19.2–37.9).



THA was performed on the right side in 20 patients (57.1%) and on the left side in 15 (42.9%).



Statistical analysis did not reveal any correlation between age, gender, BMI, or side of THA and both pre-operative and post-operative LLD. The mean absolute pre-operative LLD was 3.6 mm (SD: 3.9; range 0.2–19.3), while the mean absolute post-operative LLD was 2.5 mm (SD: 3.0; range 0.0–12.2). Post-operative LLD was less than 5 and 10 mm in 88.2% and 94.1% of the cases, respectively. None of the patients experienced dissatisfaction or required the use of a shoe lift.



Using the Bland–Altman plot, discrepancies were observed in two cases in the pre-operative data and one case in the post-operative data between each LLD measurement of one independent observer and the other (Figure 6 and Figure 7).



As a result, a good agreement between the measurements was assessed.




4. Discussion


Nowadays, the anterior approach is predominantly utilized as a minimally invasive surgery (MIS), with ample evidence supporting its advantages [25]. Numerous publications have illustrated that the AMIS approach delivers all the benefits expected from a MIS, including shorter rehabilitation, faster return to daily activities, reduced hospital stays [26], diminished post-operative pain [27], minimal blood loss, better short-term functional results [28], and enhanced cosmetic appeal [21,29]. Recent studies revealed no significant difference in component placement between the anterior approach and the various other approaches [30,31,32]. Despite the abundance of literature supporting the efficacy of the AMIS approach, some studies have presented conflicting findings, particularly regarding complications encountered during a surgeon’s initial adoption of the technique [30,33,34,35]. The learning curve affects the results of this technique: surgeons performing fewer than 100 cases via the anterior approach are twice as likely to experience complications [30]. Regardless of surgeon experience, post-operative LLD remains a potential complication. Therefore, an intraoperative method to control limb length during THA performed via the MIS anterior approach could be useful, especially in low-volume hip replacement centers.



Various methods have been described in the literature to minimize post-operative LLD, which can be divided in four broad categories: pre-operative templating, intra-operative clinical tests, navigation systems, and intra-operative measurement of the distance between two anatomical markers.



Pre-operative overlay templating remains a standard method to minimize LLD [36], although its reliability in ensuring equal lower limb length is limited due to potential errors in magnification [37]. The use of PACS (Kodak Carestream®, Rochester, NY, USA) has facilitated the overlay of conventional plain film radiography [38,39]. In this study, it was preferred to examine all patient cases using anteroposterior digital radiographs of the pelvis on the same PACS, as the mean measured values were found to be accurate and reliable, as demonstrated by Fowler et al. [40].



Two radiological techniques are commonly employed in clinical practice to assess LLD. In the methods described by Williamson and Reckling [41], the distance between the most inferior point of the ischia and the lesser trochanter is measured, while in the method described by Woolson et al, the distance between inferior point of the acetabular teardrop and the lesser trochanter is measured [22]. Meermans et al. demonstrated that the teardrop method was more reliable than the bi-ischial line [42], although neither method accounts for hip flexion or abduction deformity at the time of the X-ray, which tends to underestimate the measured LLD, or any causes of LLD that do not involve the hip [43]. Therefore, the use of templates should be complemented with a reliable intra-operative method to achieve better control of leg length.



Intra-operative tests have been developed to assess soft tissue tension and length, such as the shuck test, which was found offer the best correlation with post-operative radiographic LLD [44,45]. However, the intra-operative test has not been scientifically validated, and accurately measuring soft tissue tension during surgery can be challenging due to its reliance on factors such as surgeon experience, type of anesthesia, and the surgical approach [44]. Moreover, the AMIS requires that the patient’s operated leg be positioned on the Mobile Leg Positioner, which is maneuvered outside the surgical field by an expert Product Specialist. Consequently, the surgeon cannot perform a leg-to-leg comparison, and the shuck test is only conducted to assess THA stability.



Nowadays, intraoperative fluoroscopy remains a reliable method for assessing leg length in real-time without the need for soft tissue tension tests in the AMIS approach [46,47].



Radiological measurement techniques include the transverse rod method to calculate the distance between the ischial tuberosities and the lesser trochanter [48] and overlaying an intra-operative radiograph on top of a preoperative image to see the relative positions of anatomic landmarks [49]. Austin et al. demonstrated that each method effectively minimized LLD, with no statistical difference between them [50]. Certainly, intraoperative imaging enhances surgical precision but requires multiple shots or even live fluoroscopy to achieve proper alignment, potentially leading to longer surgical times and increased radiation exposure for both the patient and surgeon.



Computer-Navigated surgery holds promise in restoring a more normal leg length equality than freehand techniques and eliminating the LLD outliers of greater than 1 cm after THA [51,52,53,54,55]. In the direct anterior approach (DAA), the patient is placed in the supine position, facilitating pelvic tracker placement and the registration process, although there is no statically significant difference in the accuracy or precision of component positioning between the DAA and Posterior Approach groups [51]. Despite precise calculations, the precision largely relies on mapping and referencing points, which are under the surgeon’s control. Moreover, Computer-Navigated surgery does not appear to result in better functioning hip or improved perception of limb length equality, raising questions about the necessity of added time and cost during THA [52,56].



Several intraoperative devices have been developed to assess intraoperative correction of LLD for the lateral and postero-lateral approach [10,11,12,13,14,15,16,17]. McGee and Scott were the first to employ a fine guide wire bent in “U” shape [11]. The use of a large Steinmann pin have been criticized for reliability [12]. Jasty et al. utilized a similar caliper technique [13]. Naito et al. [14], Bose [15], and Shiramizu [16] described techniques employing a Steinman pin and adjustable caliper. Ranawat et al. reported the use of a vertical Steinman pin at the infracotyloid groove of the acetabulum [10]. Mihalko et al. described a technique using a large screw [57]. Matsuda et al. used a ruler [58], while Takigami et al. described another technique using a dual pin retractor [59].



While there are approximately 20 different intraoperative techniques described in the literature for achieving limb length equality, none have been utilized during THA performed via the MIS anterior approach, such as the AMIS. Like previously described devices in the literature, the compass device operates on the principle of measuring the distance between a fixed point on the pelvis and a fixed point on the femur. These points were located near to the center of rotation of the hip, specifically on the supero-lateral acetabular edge and on the inter-trochanteric line of femur. As emphasized by Bose [15], it is essential not only to establish stable reference points in both the pelvis and femur but also to accurately reproduce the abduction/adduction position of the femur in space before and after trial component placement to address LLD intra-operatively. Inaccurate femur reposition in terms of abduction or adduction yields greater errors than flexion/extension repositioning. A deviation of 5 to 10 degrees in abduction or adduction can lead in a LLD of 8–17 mm [17]. The supine position and the use of the Leg Positioner alleviate these difficulties related to patient positioning. Conversely, in the lateral decubitus position (e.g., the posterior approach), limb length assessment during surgery relies more on surgeon’s experience than on true anatomical landmarks. The Leg Positioner offers the additional advantage of controlling limb rotation and traction, which is secured on the table. Moreover, in this case series, no complications related to the AMIS Leg Positioner were observed, in contrast to those reported by Matta et al. [49], who employed a different leg positioner. The results of the current study have shown excellent control of LLD with the intraoperative compass device. In this series, 88,2% of patients exhibited a post-operative LLD of less than 5 mm, and 94,1% had a LLD of less 10 mm. The average post-operative LLD was 2.5 mm (SD: 3.0; range 0.0–12.2). This improvement can be attributed to the measurement technique, the utilization of the Leg Positioner, the AMIS technique, adequate soft tissue release to prevent contracture, and the absence of concurrent deformity in the ipsilateral or contralateral limb.



A potential limitation of this technique may arise from inaccurate measurements with the compass device, particularly when encountering a large osteophyte at the superior lip of the acetabulum, difficulty in identifying the inter-trochanteric line of the femur, or variability in vertical position when fixed points were measured. To address this, it is important to remove periacetabular osteophytes to expose the real supero-lateral aspect of the acetabulum and ensure that the point on the intertrochanteric line is as vertical as possible with respect to the mark on the acetabulum. This facilitates the positioning of the compass precisely at the entry points of the K wires. In future studies, it would be beneficial to measure the distance between anatomic markers to evaluate the correlation between intra-operative and the post-operative limb length. Another potential limitation lies in the use of radiographic measurement tools and protocols, which may be susceptible to human error. Typically, measurement errors associated with radiographic methods range from 1 to 3 mm [60]. To mitigate this concern, the trans-teardrop method was preferred due to its demonstrated excellent agreement with leg length measurements in previous studies [61]. Additionally, each dataset, calculated by two independent observers, was evaluated to assess the agreement between the two measurements, utilizing the Bland–Altman plot [23]. Moreover, any cause of LLD involving the contralateral hip or ipsilateral other joints was excluded to minimize the unreliability of the trans-teardrop method [43].



The potential use of a CT scan for 3D digital reconstruction could have been beneficial, but it was not performed as it is not part of routine clinical practice and due to ethical considerations regarding unnecessary radiation exposure to subjects. In upcoming research, 3D digital radiography may certainly offer an alternative for obtaining accurate and reliable measurements. This approach could permit the use of software programs capable of accurately calculating x-ray magnification and then adjusting templates accordingly, as reported in published studies [62,63,64]. Another limitation of this study is the small number of patients and the absence of a control group. Consequently, future studies are necessary to enable a comparison in this regard. Such investigations could provide a deeper understanding of the effectiveness and reliability of the techniques employed, potentially leading to advancements in clinical practice.




5. Conclusions


In conclusion, the compass device emerges as a valuable tool for ensuring precise limb length control in THA in mini-invasive DAA, offering both efficiency and cost-effectiveness in clinical practice. The main advantages of this technique are its simplicity, accuracy, and predictability. Furthermore, it takes less than five minutes to use, does not require additional surgical incisions or radiation, and offers a favorable benefit–cost ratio for public healthcare facilities.
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Figure 1. The compass device used for the measurements (MEDACTA International SA, Strada Regina, 6874 Castel San Pietro (CH)). The compass is long 200 mm and consists of two hinged arms with a central pivot point. One arm, equipped with a pointed end, is positioned at a specific location. By rotating the screw, the opening and closing of the other arm are enabled until reaching the second point of interest. The screw allows for maintaining the desired opening even after removing the compass, which can then be placed on a ruler to measure the desired distance (max 110 mm). 
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Figure 2. Measurement of the distance between the fixed acetabular and femoral marker, before the femoral neck osteotomy. 
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Figure 3. Measurement of the distance between the fixed acetabular and femoral marker (yellow line), with trial components. 
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Figure 4. Measurement of the distance between the fixed acetabular and femoral marker (yellow line), with definitive implant. 
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Figure 5. The preoperative and post operative LLD was calculated using the trans-teardrop method, as described by Woolson [22]. 
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Figure 6. The Bland–Altman plot of preoperative LLD. 
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Figure 7. The Bland–Altman plot of postoperative LLD. 






Figure 7. The Bland–Altman plot of postoperative LLD.



[image: Jpm 14 00573 g007]













	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the 