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Abstract

        
Dislocation rates after total hip arthroplasty (THA) in patients with fixed spinopelvic motion have been reported as high as 20%. Few studies exist specifically for lumbar spine degenerative joint disease (DJD) and its relationship to THA instability. There were two study objectives: (1) report the incidence of lumbar spine DJD and previous lumbar spine fusion and (2) evaluate the relationship of these two conditions and other potential risk factors to postoperative dislocation after THA. We retrospectively reviewed 818 consecutive THAs performed by a single surgeon utilizing a posterior approach. Comprehensive medical chart and radiographic review was performed to identify patients with lumbar spine DJD and lumbar spine fusion. Radiographic measurements, patient factors, surgical factors, and incidences of dislocation also were recorded. Eight hundred and twelve THAs were analyzed. There were 10 dislocations (1.2%, 10/812). Lumbar spine DJD and previous lumbar spine fusion occurred in 33.4% (271/812) and 5.9% (48/812) of patients, respectively. Lumbar spine DJD, acetabular protrusio, and female sex were significant predictors of dislocation using a Firth penalized maximum likelihood estimation specifically for rare events (area under receiver-operator characteristic curve = 0.91, 95% confidence interval 0.86, 0.96). Interestingly, only 2 of 10 dislocations had a previous lumbar spine fusion. Lumbar spine DJD, acetabular protrusio, and female sex were significant predictors of dislocation, while lumbar spine fusion was largely unrelated. This study used data available to most practicing surgeons and provides useful information for counseling patients preoperatively.

      


        
[bookmark: N10973]
Keywords

        total hip arthroplasty - 
        instability - 
        dislocation - 
        lumbar degenerative joint disease - 
        lumbar spine fusion
      





[bookmark: info]
Publication History

Received: 19 December 2019


Accepted: 14 September 2020


Article published online:
24 December 2020



© 2020. Thieme. All rights reserved.

Thieme Medical Publishers, Inc.
333 Seventh Avenue, 18th Floor, New York, NY 10001, USA




 

[bookmark: ]

[bookmark: N11627]
	
References


	
[bookmark: JR190028oa-1]1 
          
            Learmonth ID, 
          
          
            Young C, 
          
          
            Rorabeck C. 
          
        The operation of the century: total hip replacement. Lancet 2007; 370 (9597): 1508-1519 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-2]2 
          
            Malkani AL, 
          
          
            Ong KL, 
          
          
            Lau E, 
          
          
            Kurtz SM, 
          
          
            Justice BJ, 
          
          
            Manley MT. 
          
        Early- and late-term dislocation risk after primary hip arthroplasty in the Medicare population. J Arthroplasty 2010; 25 (06) 21-25 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-3]3 
          
            Sloan M, 
          
          
            Premkumar A, 
          
          
            Sheth NP. 
          
        Projected volume of primary total joint arthroplasty in the U.S., 2014 to 2030. J Bone Joint Surg Am 2018; 100 (17) 1455-1460 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-4]4 
          
            Lewinnek GE, 
          
          
            Lewis JL, 
          
          
            Tarr R, 
          
          
            Compere CL, 
          
          
            Zimmerman JR. 
          
        Dislocations after total hip-replacement arthroplasties. J Bone Joint Surg Am 1978; 60 (02) 217-220 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-5]5 
          
            Jolles BM, 
          
          
            Zangger P, 
          
          
            Leyvraz PF. 
          
        Factors predisposing to dislocation after primary total hip arthroplasty: a multivariate analysis. J Arthroplasty 2002; 17 (03) 282-288 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-6]6 
          
            Morrey BF. 
          
        Instability after total hip arthroplasty. Orthop Clin North Am 1992; 23 (02) 237-248 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-7]7 
          
            Ullmark G. 
          
        The unstable total hip arthroplasty. EFORT Open Rev 2017; 1 (04) 83-88 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-8]8 
          
            Woo RY, 
          
          
            Morrey BF. 
          
        Dislocations after total hip arthroplasty. J Bone Joint Surg Am 1982; 64 (09) 1295-1306 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-9]9 
          
            Berry DJ, 
          
          
            von Knoch M, 
          
          
            Schleck CD, 
          
          
            Harmsen WS. 
          
        The cumulative long-term risk of dislocation after primary Charnley total hip arthroplasty. J Bone Joint Surg Am 2004; 86 (01) 9-14 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-10]10 
          
            Soong M, 
          
          
            Rubash HE, 
          
          
            Macaulay W. 
          
        Dislocation after total hip arthroplasty. J Am Acad Orthop Surg 2004; 12 (05) 314-321 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-11]11 
          
            Ali Khan MA, 
          
          
            Brakenbury PH, 
          
          
            Reynolds IS. 
          
        Dislocation following total hip replacement. J Bone Joint Surg Br 1981; 63-B (02) 214-218 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-12]12 
          
            Gausden EB, 
          
          
            Parhar HS, 
          
          
            Popper JE, 
          
          
            Sculco PK, 
          
          
            Rush BNM. 
          
        Risk factors for early dislocation following primary elective total hip arthroplasty. J Arthroplasty 2018; 33 (05) 1567-1571.e2 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-13]13 
          
            An VVG, 
          
          
            Phan K, 
          
          
            Sivakumar BS, 
          
          
            Mobbs RJ, 
          
          
            Bruce WJ. 
          
        Prior lumbar spinal fusion is associated with an increased risk of dislocation and revision in total hip arthroplasty: a meta-analysis. J Arthroplasty 2018; 33 (01) 297-300 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-14]14 
          
            Buckland AJ, 
          
          
            Puvanesarajah V, 
          
          
            Vigdorchik J. 
          
          et al. 
        Dislocation of a primary total hip arthroplasty is more common in patients with a lumbar spinal fusion. Bone Joint J 2017; 99-B (05) 585-591 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-15]15 
          
            King CA, 
          
          
            Landy DC, 
          
          
            Martell JM, 
          
          
            Luu HH, 
          
          
            Shi LL, 
          
          
            Lee MJ. 
          
        Time to dislocation analysis of lumbar spine fusion following total hip arthroplasty: breaking up a happy home. J Arthroplasty 2018; 33 (12) 3768-3772 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-16]16 
          
            Malkani AL, 
          
          
            Garber AT, 
          
          
            Ong KL. 
          
          et al. 
        Total hip arthroplasty in patients with previous lumbar fusion surgery: are there more dislocations and revisions?. J Arthroplasty 2018; 33 (04) 1189-1193 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-17]17 
          
            Salib CG, 
          
          
            Reina N, 
          
          
            Perry KI, 
          
          
            Taunton MJ, 
          
          
            Berry DJ, 
          
          
            Abdel MP. 
          
        Lumbar fusion involving the sacrum increases dislocation risk in primary total hip arthroplasty. Bone Joint J 2019; 101-B (02) 198-206 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-18]18 
          
            Dorr LD, 
          
          
            Callaghan JJ. 
          
        Death of the Lewinnek “Safe Zone”. J Arthroplasty 2019; 34 (01) 1-2 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-19]19 
          
            Abdel MP, 
          
          
            von Roth P, 
          
          
            Jennings MT, 
          
          
            Hanssen AD, 
          
          
            Pagnano MW. 
          
        What safe zone? The vast majority of dislocated THAs are within the Lewinnek Safe Zone for acetabular component position. Clin Orthop Relat Res 2016; 474 (02) 386-391 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-20]20 
          
            Limmahakhun S, 
          
          
            Box HN, 
          
          
            Arauz P, 
          
          
            Hennessy DW, 
          
          
            Klemt C, 
          
          
            Kwon YM. 
          
        In vivo analysis of spinopelvic kinematics and peak head-cup contact in total hip arthroplasty patients with lumbar degenerative disc disease. J Orthop Res 2019; 37 (03) 674-680 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-21]21 
          
            Tiberi III JV, 
          
          
            Antoci V, 
          
          
            Malchau H, 
          
          
            Rubash HE, 
          
          
            Freiberg AA, 
          
          
            Kwon YM. 
          
        What is the fate of total hip arthroplasty (THA) acetabular component orientation when evaluated in the standing position?. J Arthroplasty 2015; 30 (09) 1555-1560 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-22]22 
          
            Heckmann N, 
          
          
            McKnight B, 
          
          
            Stefl M, 
          
          
            Trasolini NA, 
          
          
            Ike H, 
          
          
            Dorr LD. 
          
        Late dislocation following total hip arthroplasty: spinopelvic imbalance as a causative factor. J Bone Joint Surg Am 2018; 100 (21) 1845-1853 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-23]23 
          
            Rivière C, 
          
          
            Lazennec JY, 
          
          
            Van Der Straeten C, 
          
          
            Auvinet E, 
          
          
            Cobb J, 
          
          
            Muirhead-Allwood S. 
          
        The influence of spine-hip relations on total hip replacement: a systematic review. Orthop Traumatol Surg Res 2017; 103 (04) 559-568 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-24]24 
          
            Esposito CI, 
          
          
            Gladnick BP, 
          
          
            Lee Y-Y. 
          
          et al. 
        Cup position alone does not predict risk of dislocation after hip arthroplasty. J Arthroplasty 2015; 30 (01) 109-113 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-25]25 
          
            McCarthy TF, 
          
          
            Alipit V, 
          
          
            Nevelos J, 
          
          
            Elmallah RK, 
          
          
            Mont MA. 
          
        Acetabular cup anteversion and inclination in hip range of motion to impingement. J Arthroplasty 2016; 31 (09) 264-268 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-26]26 
          
            Tezuka T, 
          
          
            Heckmann ND, 
          
          
            Bodner RJ, 
          
          
            Dorr LD. 
          
        Functional safe zone is superior to the Lewinnek Safe Zone for total hip arthroplasty: why the Lewinnek Safe Zone is not always predictive of stability. J Arthroplasty 2019; 34 (01) 3-8 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-27]27 
          
            DelSole EM, 
          
          
            Vigdorchik JM, 
          
          
            Schwarzkopf R, 
          
          
            Errico TJ, 
          
          
            Buckland AJ. 
          
        Total hip arthroplasty in the spinal deformity population: does degree of sagittal deformity affect rates of safe zone placement, instability, or revision?. J Arthroplasty 2017; 32 (06) 1910-1917 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-28]28 
          
            Blizzard DJ, 
          
          
            Nickel BT, 
          
          
            Seyler TM, 
          
          
            Bolognesi MP. 
          
        The impact of lumbar spine disease and deformity on total hip arthroplasty outcomes. Orthop Clin North Am 2016; 47 (01) 19-28 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-29]29 
          
            Lum ZC, 
          
          
            Coury JG, 
          
          
            Cohen JL, 
          
          
            Dorr LD. 
          
        The current knowledge on spinopelvic mobility. J Arthroplasty 2018; 33 (01) 291-296 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-30]30 
          
            Esposito CI, 
          
          
            Miller TT, 
          
          
            Kim HJ. 
          
          et al. 
        Does degenerative lumbar spine disease influence femoroacetabular flexion in patients undergoing total hip arthroplasty?. Clin Orthop Relat Res 2016; 474 (08) 1788-1797 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-31]31 
          
            Ike H, 
          
          
            Dorr LD, 
          
          
            Trasolini N, 
          
          
            Stefl M, 
          
          
            McKnight B, 
          
          
            Heckmann N. 
          
        Spine-pelvis-hip relationship in the functioning of a total hip replacement. J Bone Joint Surg Am 2018; 100 (18) 1606-1615 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-32]32 
          
            Morton J, 
          
          
            Eftekhary N, 
          
          
            Schwarzkopf R, 
          
          
            Vigdorchik JM. 
          
        The spinopelvic relationship made simple: What every hip surgeon needs to know to prevent instability in high-risk patients undergoing total hip arthroplasty. Semin Arthroplasty 2019; 29 (04) 274-281 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-33]33 
          
            Stefl M, 
          
          
            Lundergan W, 
          
          
            Heckmann N. 
          
          et al. 
        Spinopelvic mobility and acetabular component position for total hip arthroplasty. Bone Joint J 2017; 99-B (01) , Supple A ) 37-45 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-34]34 
          
            Bedard NA, 
          
          
            Martin CT, 
          
          
            Slaven SE, 
          
          
            Pugely AJ, 
          
          
            Mendoza-Lattes SA, 
          
          
            Callaghan JJ. 
          
        Abnormally high dislocation rates of total hip arthroplasty after spinal deformity surgery. J Arthroplasty 2016; 31 (12) 2884-2885 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-35]35 
          
            Sing DC, 
          
          
            Barry JJ, 
          
          
            Aguilar TU. 
          
          et al. 
        Prior lumbar spinal arthrodesis increases risk of prosthetic-related complication in total hip arthroplasty. J Arthroplasty 2016; 31 (09) 227-232.e1 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-36]36 
          
            Barry JJ, 
          
          
            Sing DC, 
          
          
            Vail TP, 
          
          
            Hansen EN. 
          
        Early outcomes of primary total hip arthroplasty after prior lumbar spinal fusion. J Arthroplasty 2017; 32 (02) 470-474 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-37]37 
          
            Esposito CI, 
          
          
            Carroll KM, 
          
          
            Sculco PK, 
          
          
            Padgett DE, 
          
          
            Jerabek SA, 
          
          
            Mayman DJ. 
          
        Total hip arthroplasty patients with fixed spinopelvic alignment are at higher risk of hip dislocation. J Arthroplasty 2018; 33 (05) 1449-1454 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-38]38 
          
            Lazennec J-Y, 
          
          
            Brusson A, 
          
          
            Rousseau M-A. 
          
        Hip-spine relations and sagittal balance clinical consequences. Eur Spine J 2011; 20 (Suppl. 05) 686-698 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-39]39 
          
            Lee SH, 
          
          
            Lim CW, 
          
          
            Choi KY, 
          
          
            Jo S. 
          
        Effect of spine-pelvis relationship in total hip arthroplasty. Hip Pelvis 2019; 31 (01) 4-10 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-40]40 
          
            Firth D. 
          
        Bias reduction of maximum likelihood estimates. Biometrika 1993; 80 (01) 27-38 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-41]41 
          
            Heinze G, 
          
          
            Schemper M. 
          
        A solution to the problem of separation in logistic regression. Stat Med 2002; 21 (16) 2409-2419 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-42]42 
          
            Bagheri R, 
          
          
            Ebrahimi Takamjani I, 
          
          
            Dadgoo M. 
          
          et al. 
        Gender-related differences in reliability of thorax, lumbar, and pelvis kinematics during gait in patients with non-specific chronic low back pain. Ann Rehabil Med 2018; 42 (02) 239-249 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-43]43 
          
            Gombatto SP, 
          
          
            Collins DR, 
          
          
            Sahrmann SA, 
          
          
            Engsberg JR, 
          
          
            Van Dillen LR. 
          
        Gender differences in pattern of hip and lumbopelvic rotation in people with low back pain. Clin Biomech (Bristol, Avon) 2006; 21 (03) 263-271 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-44]44 
          
            Hoffman SL, 
          
          
            Johnson MB, 
          
          
            Zou D, 
          
          
            Van Dillen LR. 
          
        Gender differences in modifying lumbopelvic motion during hip medial rotation in people with low back pain. Rehabil Res Pract 2012; 2012: 635312 





PubMedGoogle Scholar





	
[bookmark: JR190028oa-45]45 
          
            Wang SC, 
          
          
            Brede C, 
          
          
            Lange D. 
          
          et al. 
        Gender differences in hip anatomy: possible implications for injury tolerance in frontal collisions. Annu Proc Assoc Adv Automot Med 2004; 48: 287-301 





PubMedGoogle Scholar





	
[bookmark: JR190028oa-46]46 
          
            Yamazaki W, 
          
          
            Tanino Y. 
          
        Gender differences in joint torque focused on hip internal and external rotation during a change in direction while walking. J Phys Ther Sci 2017; 29 (12) 2160-2164 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-47]47 
          
            Krenzel BA, 
          
          
            Berend ME, 
          
          
            Malinzak RA. 
          
          et al. 
        High preoperative range of motion is a significant risk factor for dislocation in primary total hip arthroplasty. J Arthroplasty 2010; 25 (06) 31-35 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-48]48 
          
            Hanke MS, 
          
          
            Steppacher SD, 
          
          
            Zurmühle CA, 
          
          
            Siebenrock KA, 
          
          
            Tannast M. 
          
        Hips with protrusio acetabuli are at increased risk for failure after femoroacetabular impingement surgery: a 10-year followup. Clin Orthop Relat Res 2016; 474 (10) 2168-2180 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-49]49 
          
            Zaltz I. 
          
        CORR Insights®: hips with protrusio acetabuli are at increased risk for failure after femoroacetabular impingement surgery: a 10-year followup. Clin Orthop Relat Res 2016; 474 (12) 2662-2663 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-50]50 
          
            Kanawade V, 
          
          
            Dorr LD, 
          
          
            Wan Z. 
          
        Predictability of acetabular component angular change with postural shift from standing to sitting position. J Bone Joint Surg Am 2014; 96 (12) 978-986 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-51]51 
          
            Lazennec JY, 
          
          
            Brusson A, 
          
          
            Rousseau MA. 
          
        Lumbar-pelvic-femoral balance on sitting and standing lateral radiographs. Orthop Traumatol Surg Res 2013; 99 (01) S87-S103 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-52]52 
          
            Lazennec JY, 
          
          
            Charlot N, 
          
          
            Gorin M. 
          
          et al. 
        Hip-spine relationship: a radio-anatomical study for optimization in acetabular cup positioning. Surg Radiol Anat 2004; 26 (02) 136-144 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-53]53 
          
            Buckland AJ, 
          
          
            Vigdorchik J, 
          
          
            Schwab FJ. 
          
          et al. 
        Acetabular anteversion changes due to spinal deformity correction: bridging the gap between hip and spine surgeons. J Bone Joint Surg Am 2015; 97 (23) 1913-1920 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-54]54 
          
            Sikes CV, 
          
          
            Lai LP, 
          
          
            Schreiber M, 
          
          
            Mont MA, 
          
          
            Jinnah RH, 
          
          
            Seyler TM. 
          
        Instability after total hip arthroplasty: treatment with large femoral heads vs constrained liners. J Arthroplasty 2008; 23 (07) 59-63 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-55]55 
          
            Berry DJ, 
          
          
            von Knoch M, 
          
          
            Schleck CD, 
          
          
            Harmsen WS. 
          
        Effect of femoral head diameter and operative approach on risk of dislocation after primary total hip arthroplasty. J Bone Joint Surg Am 2005; 87 (11) 2456-2463 





PubMedGoogle Scholar





	
[bookmark: JR190028oa-56]56 
          
            White Jr RE, 
          
          
            Forness TJ, 
          
          
            Allman JK, 
          
          
            Junick DW. 
          
        Effect of posterior capsular repair on early dislocation in primary total hip replacement. Clin Orthop Relat Res 2001; (393) 163-167 





PubMedGoogle Scholar





	
[bookmark: JR190028oa-57]57 
          
            Prietzel T, 
          
          
            Hammer N, 
          
          
            Schleifenbaum S. 
          
          et al. 
        The impact of capsular repair on the dislocation rate after primary total hip arthroplasty: a retrospective analysis of 1972 cases [in German]. Z Orthop Unfall 2014; 152 (02) 130-143 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR190028oa-58]58 
          
            Tanino H, 
          
          
            Sato T, 
          
          
            Nishida Y, 
          
          
            Mitsutake R, 
          
          
            Ito H. 
          
        Hip stability after total hip arthroplasty predicted by intraoperative stability test and range of motion: a cross-sectional study. BMC Musculoskelet Disord 2018; 19 (01) 373-373 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-59]59 
          
            Masonis JL, 
          
          
            Bourne RB. 
          
        Surgical approach, abductor function, and total hip arthroplasty dislocation. Clin Orthop Relat Res 2002; (405) 46-53 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-60]60 
          
            Tripuraneni KR, 
          
          
            Munson NR, 
          
          
            Archibeck MJ, 
          
          
            Carothers JT. 
          
        Acetabular abduction and dislocations in direct anterior vs posterior total hip arthroplasty: a retrospective, matched cohort study. J Arthroplasty 2016; 31 (10) 2299-2302 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190028oa-61]61 
          
            Maratt JD, 
          
          
            Gagnier JJ, 
          
          
            Butler PD, 
          
          
            Hallstrom BR, 
          
          
            Urquhart AG, 
          
          
            Roberts KC. 
          
        No difference in dislocation seen in anterior vs posterior approach total hip arthroplasty. J Arthroplasty 2016; 31 (09) 127-130 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        

      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 44.200.184.163
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  