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Abstract 

Background: Blood conservation and reduction in the need for allogeneic blood transfusion (ABT) has 
been a subject of importance in total hip arthroplasty. There are a number of well -recognized 
parameters that influence blood loss during total hip arthroplasty (THA). The role of surgical approach 
on blood loss and the rate of ABT during THA is not well studied. The hypothesis of this study was that 
blood loss and the need for ABT is lower with direct anterior (DA) approach.   

Methods: In a case-control retrospective cohort study, we analyzed 1,524 primary THAs performed at a single 
institution by seven fellowship-trained surgeons between January 2015 to March 2017. All patients received THA 
using either the modified direct lateral (DL) or direct anterior (DA) approach using a standard operating table. The 
overall ABT rate was 10.2% (155/1,524) in the cohort. Demographic, surgical, and postoperative data were extracted 
and analyzed. Logistic regression was used to identify independent risk factors for transfusion.  

Results: Higher preoperative hemoglobin (p<0.001), use of DA approach (p<0.016) and administration of tranexamic 
acid TXA, (p=0.024) were identified as independent factors which reduced the odds of ABT. Operative time (p<0.001) 
was associated with an increased odd of ABT, while age, BMI and type of anesthesia were not statistically significant.  

Conclusion: Based on the findings of this study, direct anterior approach for THA appears to be protective against blood 
loss and reduced ABT rate, when controlling for confounding variables.  

Level of evidence: III 
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Introduction

otal hip arthroplasty (THA) is a modern day 
marvel in alleviating pain associated with end-
stage hip arthritis (1). However, blood loss during 
THA can be high, leading to the need for allogeneic 

blood transfusion (ABT). Traditionally, transfusion rates 
during THA have been reported to be up to 26%, with an 
average of 18% (2–5). However, with increased attention 
to blood conservation and the use of tranexamic acid (TXA) 
the transfusion rate has dropped to around 10% (6–8). 
Despite this reduction, numerous problems are still 
associated with ABT, including added cost per episode of 
care, hypersensitivity reactions, and increased incidences 
of postoperative infections, venous thromboembolism and 
all-time mortality (9–12). 

Risk factors for blood loss and the subsequent need for 
ABT have been well studied (13–16). However, very few 
studies evaluating blood loss following THA have examined 

the influence of surgical approach. The direct anterior (DA) 
approach to the hip has recently gained popularity because 
of its potential for accelerated recovery, shorter hospital 
stay, low risk of dislocation, and early gait improvement 
(17–27). Previous work has demonstrated that the DA 
approach reduces ABT; however, those studies were 
conducted prior to routine TXA use and often did not 
control for confounding variables (28–30).  

To our knowledge, there is no study evaluating whether 
surgical approach is an independent factor affecting the 
risk for ABT in the context of unilateral primary THA. The 
purpose of this study was to investigate the effect of 
surgical approach on ABT after controlling for confounding 
variables.  

Materials and Methods 
After Institutional Review Board (IRB) approval (IRB 
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number: #08R.207), Patients` consent was received for 
the study. A retrospective study was conducted. All 
primary, unilateral THAs performed at a single 
institution from January 2015 to March 2017 were 
included and identified using a prospectively 
maintained institutional database. Only patients with 
complete dataset and a minimum 24-hour hospital stay 
were included. Patients who underwent simultaneous 
bilateral THA, conversion THA, hip resurfacing 
procedures,THA in dysplastic cases and THA for 
femoral neck fracture, or other diagnosis besides 
osteoarthritis were excluded. A total of 1,524 
consecutive primary THAs qualified for inclusion. All 
THAs were performed by seven high-volume 
fellowship-trained surgeons at a large academic center. 
All seven surgeons exclusively performed either the DA 
or direct lateral (DL) approach on all of their cases; 
none used a posterior approach. The choice of the 
approach was based on surgeon’s preference and 
training.  

Patient demographics, preoperative diagnosis, 
surgical variables, blood transfusion data and 
postoperative complications were extracted. 
Complication data included in-hospital complications 
such as deep venous thrombosis (DVT) and pulmonary 
embolism (PE), and PJI.  Only acute (< four weeks from 
surgery) PJI cases were included in our study. All 
patients with PJI met Musculoskeletal Infection Society 
(MSIS) (31) criteria for infection. The minimum follow-
up for all cases was three months, so as to capture the 
post-operative complications investigated. 

THA using both the DA and the DL approach is 
performed in supine position on a conventional 
operating table. The DA approach employed a modified 
Smith Petersen dissection that utilized the subfascial 
interval between the tensor fascia lata and the Sartorius 
(24). The DL approach used an anterior modified 
Hardinge, which includes elevating the anterior third of 
the abductor mechanism (32). Tranexamic acid, when 
administered, was given intravenously at 10mg/kg (or 
maximum 1g) dose within one hour prior to incision. 
Contraindications for the use of TXA were prior history 
of transient ischemic attack (TIA) or stroke, or history 
of cardiac or vascular stents. No patient received topical 
or oral TXA. All patients received uncemented femoral 
and acetabular components manufactured by Zimmer 
(Warsaw, IN, USA), DePuy (Warsaw, IN, USA) or Stryker 
(Mahwah, NJ, USA). Postsurgical drains were not used 
during the study period in any patient. Perioperative 
medical management was similar in all patients and 
included the use of non-steroidal anti-inflammatory 
drugs (NSAIDs) as part of a multimodal pain 
management regimen. Postoperative venous 
thromboembolic prophylaxis was administered to all 
patients which included aspirin (89.37%), warfarin 
(6.56%) or oral or subcutaneous agents such as 
apixaban, dabigatran, rivaroxaban or enoxaparin (4.06 
%). Patients were transfused postoperatively if either 
(a) hemoglobin (Hgb) was below 7.0 g/dL or (b) Hgb 
was below 8.0 g/dL and concomitant symptoms such as 
tachycardia, low blood pressure and/or persistent 
nausea/vomiting after adequate hydration existed. The 
attending surgeon using the aforementioned criteria 

ultimately approved the final decision for transfusion.  
The various parameters between patients who did and 

did not receive a transfusion were compared and data 
analyzed using the Chi square tests for categorical 
variables and t-test for independent groups (or its non-
parametric variant, the Mann Whitney U, where 
necessary) for continuous variables.  Variables which 
significantly differentiated these groups at p < 0.1 were 
considered for inclusion as covariates in a multivariate 
logistic regression model predicting receipt of 
transfusion. Regression diagnostics were conducted to 
eliminate mutlicollinearity and determine the final set 
of covariates.  The following predictors went into the 
final model: age, BMI (less than versus greater or equal 
to 30), Charlson Comorbidity Index (CCI, less than 
versus more than two comorbidities), preoperative 
hemoglobin, surgery duration, surgical approach (DA 
versus DL), anesthesia type (spinal versus general), and 
use of TXA.  Note that an interaction term between 
surgical duration and approach was also included in the 
final model given DL approaches had significantly 
longer durations (Mdn = 80 min, IQR: 65-95, Z = -21.26, 
p<0.0001) than DA approaches (Mdn = 50 min, IQR: 41-
65). Preliminary regression diagnostics indicated that 
BMI and CCI had to both been dichotomized and ASA 
had to be excluded from the final model to eliminate 
multicollinearity with age, BMI, CCI, preoperative Hgb, 
and surgical approach. All statistical analyses were 
performed using Statistical Package for the Social 
Sciences (SPSS) version 23 (IBM Corporation, Armonk, 
NY). No funding was provided for this study. 

Results 
Overall, 567 patients (37.2%) received THA using the 

DA approach and 957 patients (62.8%) underwent THA 
using the DL approach [Figure 1]. The overall rate of ABT 
during the study period was 10.2% (155/1524).  TXA 
was administrated to 67.1% of patients [Figure 1].  
Patients receiving allogeneic transfusion were older, 
had a higher Charlson Comorbidity Index (CCI), higher 
ASA score, lower preoperative Hgb, received general 
anesthesia, underwent THA using the DL approach, were 
less likely to receive TXA, had a lower postoperative Hgb 
and had longer operative time [Tables 1, 2].  

A multivariate logistic regression model was 
subsequently conducted to identify significant 
independent predictors of transfusion. After adjusting 
for other covariates, higher preoperative Hgb (p<0.001), 
DA approach (p=0.016) and the use of TXA (p=0.024) 
were identified as independent factors associated with 
reduced allogeneic blood transfusion [Table 3]. Longer 
operative time was independently associated with an 
increased risk of allogeneic blood transfusion (p<0.001).  

In terms of observed postoperative complications, 
transfused patients had significantly longer hospital 
stay (3.65 days vs. 1.46 days, p<0.001) and were 
significantly more likely to develop an acute PJI (7/155 
or 4.5%, p=0.004) than non-transfused patients 
10/1369 (0.7%). No patient developed DVT in either 
group, and only one patient (0.6%) developed a PE who 
had also received ABT [Table 4].  
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Table 1. Demographics for transfused and not transfused patients 
Demographic variables Transfused patients 

(n=155) 
Non-Transfused patients 

(n=1369) 
p-value 

Age (years) 67.43 11.51 63.90 11.09 0.000 
BMI (kg/m2) 28.17 6.21 28.79 5.07 0.063 
CCI 4.06 1.78 3.37 1.63 0.000 
ASA     0.000 
1 1 0.68% 59 4.52% 0.04 
2 43 29.25% 581 44.45% 0.001 
3 100 68.03% 650 49.73% 0.001 
4 3 2.04% 17 1.30%  
Gender     0.73 
Male 74 48.1% 681 49.7%  
Female 80 51.9% 688 50.3%  
Pre-op HGB(g/dL) 12.120 1.921 13.496 1.446 0.000 

*The values are given as means and standard deviations or total numbers and percentages 

 
Table 2. Surgical variables and outcomes for transfused and not transfused patients 

 Transfused patients 
(n=155) 

Non-Transfused patients 
(n=1369) 

p-value 

Surgical variables      

Anesthesia     0.001 
Spinal 118 80.3% 1180 90.1%  
General 29 19.7% 130 9.9%  

Surgery Duration 92.58 42.76 71.13 24.45 0.000 

Tranexamic Acid     0.002 

Administered 86 55.5% 936 68.4%  
Not administered 69 45.5% 433 31.6%  

Approach     0.000 

DA 29 18.7% 538 39.3%  
DL 126 81.3% 831 60.7%  

Post-op Variables      

DVT Prophylaxis     0.91 
ASA 137 10,05% 1225 89,95%  

Warfarin 11 11% 89 89%  
Subcutaneous agent 7 11,29% 55 88,71%  

         *The values are given as means and standard deviations or total numbers and percentages 
 

Table 3. Adjusted multivariate logistic regression model predicting receipt of transfusion 

Predictor OR 95%CI Lower  95%CI Upper  p 
Age 1.02 0.99 1.04 .18 
BMI of 30 or greater 0.77 051 1.16 .21 
CCI greater than 2 0.89 0.48 1.64 .70 
Preoperative hemoglobin 0.64 0.56 .73 .000 
Spinal anesthesia (versus general) 0.78 0.46 1.33 .36 
TXA administered 0.63 0.42 .94 .024 
Duration of surgery 1.01 1.01 1.02 .000 
DA approach (versus DL) 0.22 0.06 .75 .016 
Duration of surgery by DA approach 1.01 0.99 1.03 .07 

            OR = odds ratio; CI =confidence interval; CCI = Charlson Comorbidity Index 
 

Table 4. Postoperative outcomes 

 Transfused patients 
(n=155) 

Non-Transfused patients 
(n=1369) 

p-value 

Post-op Hgb(g/dL) 7.745 1.487 10.335 1.411 0.000 
LOS (days) 3.65 3.54 1.46 1.19 0.000 
Acute PJI 7 4.5% 10 0.7% 0.004 
In-hospital DVT 0 0.0% 0 0.0% - 
In-hospital PE 1 0.6% 0 0.0% 0.10 

           *The values are given as means and standard deviations or total numbers and percentages 
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                                             Figure 1. Transfusion rates by approach and TXA administration 

 
Discussion

The adverse effects of allogeneic blood transfusion are 
well recognized (3,4,10). Blood transfusion is associated 
with increased mortality, increased infection rates, longer 
lengths of stay, and higher total charges (3,4,10). Perhaps 
one of the worst complications after THA is periprosthetic 
joint infection (PJI) (33–35) and all efforts to reduce its 
occurrence should be undertaken.  Our study results were 
consistent with previously reported literature that 
patients receiving ABT demonstrated an increased risk of 
PJI (36). The current transfusion rate of 10%, despite the 
routine use of TXA, has marked implications on the 
potential number of future PJIs.  Therefore, all attempts at 
minimizing transfusion should be undertaken.  

A recent randomized prospective study (RCT) 
demonstrated that the DA surgical approach had 
significant early functional benefits compared to a mini-
posterior approach (37).  Reasons for this may be that this 
approach is a true intermuscular/ internervous 
approach; therefore, there is less muscle splitting or 
transection which itself preserves circulation and leads to 
less bleeding. In a study by van Oldenrijk et al. (38), the 
DA approach showed less tissue damage compared to 
other approaches. Furthermore, the DA approach has the 
least amount of adipose tissue between the skin and the 
hip relative to other approaches (39). This decreases 
tissue involvement and reduces the amount of tissue 
transection. These are perhaps the same reasons for the 
improved early function after DA THA and may be why 
previous studies on DA have reported less blood loss and 
allogeneic blood transfusion. 

Alecci et al. (30) compared DA and DL approaches in 
primary THA and found a greater drop in hemoglobin and 
higher transfusion rate in the group of patients who 
underwent THA using the DL approach (40% compared 
to 19.5% in the DA approach); however, their analyses 
did not control for confounding variables. Parvizi et al. 
(28) performed a similar study comparing the same 
approaches but included use of a validated blood loss 
formula and multiple regression analysis to control for 
confounders such as surgical time. They also 
demonstrated a reduced blood loss and fewer 
transfusions in the DA cohort. Furthermore, the DA 
approach remained independently associated with less 
blood loss and fewer transfusions after covariate 
adjustment. However, both studies were conducted 
before the implementation of TXA. 

TXA has drastically reduced blood loss and ABT and 
further evidence continues to demonstrate is safety 
(7,40). Currently, its use has become ubiquitous and 
considered standard of care. In the modern THA 
environment, one must question if surgical approach 
becomes irrelevant in the presence of TXA given the 
efficacy of this medication.  The results of the study herein 
demonstrate that despite TXA use in the majority of 
patients, the DA approach was still independently 
associated with a decreased rate of ABT.  Moreover, 
similar to the study by Parvizi et al. (28), the DA approach 
remained significant when controlling for surgical time. 

The current study is not without limitations. First, and 
notably, is the retrospective design of the study and 
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potential bias in patient selection. One may argue that 
younger, healthier, and/or more active patients are 
“selected” for or may “seek out” the DA approach.  In 
addition, some DA surgeons may prefer to use a more 
extensile approach such as DL or posterior for heavier 
patients. However, in the multivariate analysis age, BMI, 
and comorbidities were not significantly associated with 
the primary outcome.  Furthermore, no patient was 
shunted away from DA given body habitus or weight 
herein. Second, the study included patients operated on 
by seven different arthroplasty surgeons and 
heterogeneity may exist among their criteria for ABT.  Our 
institutional protocol for ABT is based on a consensus 
from the arthroplasty attendings, review of the current 
evidence, laboratory tests, and clinical symptoms.  
However, individual patient circumstances may have 
warranted a deviation from the protocol. Third, the 
posterior approach was not performed at our institution 
during the study period and therefore this approach could 
not be evaluated. Finally, follow-up was limited to 
hospital information documented in the electronic 
medical records; patients that required ABT after hospital 
discharge were not included. 

Despite the aforementioned limitations, the DA surgical 
approach appeared to significantly reduce the need for 
ABT in patients undergoing primary THA even after 
controlling for confounding variables.  As the association 
between ABT and PJI continues to be investigated, the 
reduction in ABT could be a significant benefit of the DA 
approach.  In the era of value-based care, where 
minimizing patient complications is crucial, approach 
may be another important factor under the surgeons’ 
control to reduce the risk of ABT. 

 
George A. Komnos MD1  
Jorge Manrique MD1,2  
Carol Foltz PhD1  
Mitchell R. Klement MD1  
Camilo Restrepo MD1  
Javad Parvizi MD, FRCS1 
1 Rothman Orthopaedic Institute at Thomas Jefferson 
University, Philadelphia, PA, USA 
2  Cleveland Clinic Florida, Weston, FL, USA 

REFERENCES 

1. Learmonth I, Young C, Rorabeck C. The operation of the 
century: total hip replacement. Lancet 2007;370(9597):1508–
19. doi:10.1016/S0140-6736(07)60457-7. 

2. Carling MS, Jeppsson A, Eriksson BI, Brisby H. Transfusions and 
blood loss in total hip and knee arthroplasty: a prospective 
observational study. J Orthop Surg Res 2015;10:48. 
doi:10.1186/s13018-015-0188-6. 

3. Hart A, Khalil JA, Carli A, Huk O, Zukor D, Antoniou J. Blood 
Transfusion in Primary Total Hip and Knee Arthroplasty. 
Incidence, Risk Factors, and Thirty-Day Complication Rates. J 
Bone Jt Surg 2014;96(23):1945–51. doi:10.2106/JBJS.N.00077. 

4. Friedman R, Homering M, Holberg G, Berkowitz SD. Allogeneic 
blood transfusions and postoperative infections after total hip 
or knee arthroplasty. J Bone Joint Surg Am 2014;96(4):272–8. 
doi:10.2106/JBJS.L.01268. 

5. Nichols CI, Vose JG. Comparative Risk of Transfusion and 
Incremental Total Hospitalization Cost for Primary 
Unilateral, Bilateral, and Revision Total Knee Arthroplasty 
Procedures. J Arthroplasty 2016;31(3):583–589.e1. 
doi:10.1016/j.arth.2015.10.013. 

6. Bedard NA, Pugely AJ, Lux NR, Liu SS, Gao Y, Callaghan JJ. Recent 
Trends in Blood Utilization After Primary Hip and Knee 
Arthroplasty. J Arthroplasty 2017;32(3):724–7. 
doi:10.1016/j.arth.2016.09.026. 

7. Moskal JT, Capps SG. Meta-analysis of Intravenous Tranexamic 
Acid in Primary Total Hip Arthroplasty. Orthopedics 
2016;39(5):e883–92. doi:10.3928/01477447-20160526-02. 

8. Lindman IS, Carlsson L V. Extremely Low Transfusion Rates: 
Contemporary Primary Total Hip and Knee Arthroplasties. J 
Arthroplasty 2018;33(1):51–4. doi:10.1016/J.ARTH.2017.07.034. 

9. Bierbaum BE, Callaghan JJ, Galante JO, Rubash HE, Tooms RE, 
Welch RB. An analysis of blood management in patients having 
a total hip or knee arthroplasty. J Bone Joint Surg Am 
1999;81(1):2–10. 

10. Browne JA, Adib F, Brown TE, Novicoff WM. Transfusion rates 
are increasing following total hip arthroplasty: risk factors 
and outcomes. J Arthroplasty 2013;28(8 Suppl):34–7. 
doi:10.1016/j.arth.2013.03.035. 

11. Greenky M, Gandhi K, Pulido L, Restrepo C, Parvizi J. 
Preoperative anemia in total joint arthroplasty: is it associated 
with periprosthetic joint infection? Clin Orthop Relat Res 
2012;470(10):2695–701. doi:10.1007/s11999-012-2435-z. 

12. Shander A, Hofmann A, Ozawa S, Theusinger OM, Gombotz H, 
Spahn DR. Activity-based costs of blood transfusions in 
surgical patients at four hospitals. Transfusion 
2010;50(4):753–65. doi:10.1111/j.1537-2995.2009.02518.x. 

13. Nuttall GA, Santrach PJ, Oliver WC, Horlocker TT, Shaughnessy 
WJ, Cabanela ME, et al. The predictors of red cell transfusions 
in total hip arthroplasties. Transfusion 1996;36(2):144–9. 

14. Park JH, Rasouli MR, Mortazavi SMJ, Tokarski AT, Maltenfort 
MG, Parvizi J. Predictors of perioperative blood loss in total 
joint arthroplasty. J Bone Joint Surg Am 2013;95(19):1777–83. 
doi:10.2106/JBJS.L.01335. 

15. Salido JA, Marín LA, Gómez LA, Zorrilla P, Martínez C. 
Preoperative hemoglobin levels and the need for transfusion 
after prosthetic hip and knee surgery: analysis of predictive 
factors. J Bone Joint Surg Am 2002;84(2):216–20. 

16. Klement MR, Peres-Da-Silva A, Nickel BT, Green CL, Wellman 
SS, Attarian DE, et al. What Should Define Preoperative Anemia 
in Primary THA? Clin Orthop Relat Res 2017;475(11):2683–
91. doi:10.1007/s11999-017-5469-4. 

17. Lee G-C, Marconi D. Complications Following Direct Anterior Hip 
Procedures: Costs to Both Patients and Surgeons. J Arthroplasty 
2015;30(9 Suppl):98–101. doi:10.1016/j.arth.2015.03.043. 

18. Brooker AF, Bowerman JW, Robinson RA, Riley LH. Ectopic 
ossification following total hip replacement. Incidence and a 
method of classification. J Bone Joint Surg Am 
1973;55(8):1629–32. 



(664) 

 

 

 
  

 

THE ARCHIVES OF BONE AND JOINT SURGERY.    ABJS.MUMS.AC.IR 
VOLUME 9. NUMBER 6. NOVEMBER 2021  

 

TRANSFUSION RATES LOWER IN DAA THA 

 

19. Danoff JR, Bobman JT, Cunn G, Murtaugh T, Gorroochurn P, 
Geller JA, et al. Redefining the Acetabular Component Safe Zone 
for Posterior Approach Total Hip Arthroplasty. J Arthroplasty 
2016;31(2):506–11. doi:10.1016/j.arth.2015.09.010. 

20. Chow I, Patel RM, Stulberg SD. Short stem metaphyseal-
engaging femoral implants: a case-controlled radiographic and 
clinical evaluation with eight year follow-up. J Arthroplasty 
2015;30(4):600–6. doi:10.1016/j.arth.2014.01.003. 

21. Banerjee S, Pivec R, Issa K, Harwin SF, Mont MA, Khanuja HS. 
Outcomes of short stems in total hip arthroplasty. Orthopedics 
2013;36(9):700–7. doi:10.3928/01477447-20130821-06. 

22. Parvizi J, Restrepo C, Maltenfort MG. Total Hip Arthroplasty 
Performed Through Direct Anterior Approach Provides 
Superior Early Outcome: Results of a Randomized, Prospective 
Study. Orthop Clin North Am 2016;47(3):497–504. 
doi:10.1016/j.ocl.2016.03.003. 

23. Restrepo C, Parvizi J, Pour AE, Hozack WJ. Prospective 
randomized study of two surgical approaches for total hip 
arthroplasty. J Arthroplasty 2010;25(5):671–9.e1. 
doi:10.1016/j.arth.2010.02.002. 

24. Post ZD, Orozco F, Diaz-ledezma C, Hozack WJ, Ong A. Direct 
Anterior Approach for Total Hip Arthroplasty: Indications, 
Technique, and Results. J Am Acad Orthop Surg 2014;22(9):595–
603. 

25. Bender B, Nogler M, Hozack WJ. Direct anterior approach for 
total hip arthroplasty. Orthop Clin North Am 2009;40(3):321–8. 
doi:10.1016/j.ocl.2009.01.003. 

26. Bergin PF, Doppelt JD, Kephart CJ, Benke MT, Graeter JH, Holmes 
AS, et al. Comparison of Minimally Invasive Direct Anterior 
Versus Posterior Total Hip Arthroplasty Based on Inflammation 
and Muscle Damage Markers. J Bone Jt Surg 2011;93(15):1392–
8. doi:10.2106/JBJS.J.00557. 

27. Abe H, Sakai T, Takao M, Nishii T, Nakamura N, Sugano N. 
Difference in Stem Alignment Between the Direct Anterior 
Approach and the Posterolateral Approach in Total Hip 
Arthroplasty. J Arthroplasty 2015;30(10):1761–6. 
doi:10.1016/j.arth.2015.04.026. 

28. Parvizi J, Rasouli MR, Jaberi M, Chevrollier G, Vizzi S, Sharkey PF, 
et al. Does the surgical approach in one stage bilateral total hip 
arthroplasty affect blood loss? Int Orthop 2013;37(12):2357–
62. doi:10.1007/s00264-013-2093-0. 

29. Fink B, Mittelstaedt A, Schulz MS, Sebena P, Singer J. Comparison 
of a minimally invasive posterior approach and the standard 
posterior approach for total hip arthroplasty A prospective and 
comparative study. J Orthop Surg Res 2010;5:46. 

doi:10.1186/1749-799X-5-46. 
30. Alecci V, Valente M, Crucil M, Minerva M, Pellegrino C-M, 

Sabbadini DD. Comparison of primary total hip replacements 
performed with a direct anterior approach versus the standard 
lateral approach: perioperative findings. J Orthop Traumatol 
2011;12(3):123–9. doi:10.1007/s10195-011-0144-0. 

31. Parvizi J, Gehrke T. Definition of periprosthetic joint infection. J 
Arthroplasty 2014;29(7):1331. doi:10.1016/j.arth.2014.03.009. 

32. Austin MS, Rothman RH. Acetabular orientation: anterolateral 
approach in the supine position. Clin Orthop Relat Res 
2009;467(1):112–8. doi:10.1007/s11999-008-0523-x. 

33. Zmistowski B, Karam J a, Durinka JB, Casper DS, Parvizi J. 
Periprosthetic joint infection increases the risk of one-year 
mortality. J Bone Joint Surg Am 2013;95(24):2177–84. 
doi:10.2106/JBJS.L.00789. 

34. Bozic KJ, Ries MD. The impact of infection after total hip 
arthroplasty on hospital and surgeon resource utilization. J 
Bone Joint Surg Am 2005;87(8):1746–51. 
doi:10.2106/JBJS.D.02937. 

35. Kapadia BH, McElroy MJ, Issa K, Johnson AJ, Bozic KJ, Mont M a. 
The economic impact of periprosthetic infections following 
total knee arthroplasty at a specialized tertiary-care center. J 
Arthroplasty 2014;29(5):929–32. 
doi:10.1016/j.arth.2013.09.017. 

36. Pulido L, Ghanem E, Joshi A, Purtill JJ, Parvizi J. Periprosthetic 
joint infection: The incidence, timing, and predisposing factors. 
Clin Orthop Relat Res 2008;466(7):1710–5. 
doi:10.1007/s11999-008-0209-4. 

37. Poehling-Monaghan KL, Kamath AF, Taunton MJ, Pagnano MW. 
Direct anterior versus miniposterior THA with the same 
advanced perioperative protocols: surprising early clinical 
results. Clin Orthop Relat Res 2015;473(2):623–31. 
doi:10.1007/s11999-014-3827-z. 

38. van Oldenrijk J, Hoogland PVJM, Tuijthof GJM, Corveleijn R, 
Noordenbos TWH, Schafroth MU. Soft tissue damage after 
minimally invasive THA. Acta Orthop 2010;81(6):696–702. 
doi:10.3109/17453674.2010.537804. 

39. Sprowls GR, Pruszynski JE, Allen BC. Distribution of 
Subcutaneous Fat Around the Hip in Relation to Surgical 
Approach for Total Hip Arthroplasty. J Arthroplasty 
2016;31(6):1213–7. doi:10.1016/j.arth.2015.12.015. 

40. Sukeik M, Alshryda S, Haddad FS, Mason JM. Systematic review 
and meta-analysis of the use of tranexamic acid in total hip 
replacement. J Bone Jt Surg Br 2011;93(1):39–46. 
doi:10.1302/0301-620X.93B1. 

 
 


