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Hip fractures are common, with 1.6 million occur-
ring annually worldwide and a predicted world-
wide occurrence of 6.3 million by 2050.1,2 A total 
of 280 000 hip fractures occur annually in the 
United States and 36 000 in Canada. These num-
bers are expected to increase to more than 500 000 
and 88 000, respectively.3,4 Approximately 50% 
of these fractures are intertrochanteric,4 for 
which optimal management remains controver-
sial. Cephalomedullary nail (CMN) fixation has 

become increasingly used and has surpassed the 
dynamic hip screw (DHS) as the preferred method 
of treatment.5-10 Recent studies have reported sim-
ilar incidences of perioperative fracture and clini-
cal outcomes between intramedullary and sliding 
screw fixation.4,6,11-13 Complications following the 
surgical treatment of intertrochanteric fractures 
include nonunion, malunion, avascular necrosis, 
fracture collapse with intra-articular screw migra-
tion, and post-traumatic osteoarthritis.14
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Aims
Cephalomedullary nails (CMNs) are commonly used for the treatment of intertrochanteric 
hip fractures. Total hip arthroplasty (THA) may be used as a salvage procedure when 
fixation fails in these patients. The aim of this study was to analyze the complications of 
THA following failed intertrochanteric hip fracture fixation using a CMN.

Patients and Methods
Patients who underwent THA were identified from the 5% subset of Medicare Parts A/B 
between 2002 and 2015. A subgroup involving those with an intertrochanteric fracture that 
was treated using a CMN during the previous five years was identified and compared with 
the remaining patients who underwent THA. The length of stay (LOS) was compared using 
both univariate and multivariate analysis. The incidence of infection, dislocation, revision, 
and re-admission was compared between the two groups, using multivariate analysis 
adjusted for demographic, hospital, and clinical factors.

Results
The Medicare data yielded 56 522 patients who underwent primary THA, of whom 369 
had previously been treated with a CMN. The percentage of THAs that were undertaken 
between 2002 and 2005 in patients who had previously been treated with a CMN (0.346%) 
more than doubled between 2012 and 2015 (0.781%). The CMN group tended to be older 
and female, and to have a higher Charlson Comorbidity Index and lower socioeconomic 
status. The mean LOS was 1.5 days longer (5.3 vs 3.8) in the CMN group (p < 0.0001). The 
incidence of complications was significantly higher in the CMN group compared with the 
non-CMN group: infection (6.2% vs 2.6%), dislocation (8.1% vs 4.5%), revision (8.4% vs 
4.3%), revision for infection (1.1% vs 0.37%), and revision for dislocation (2.2% vs 0.6%).

Conclusion
The incidence of conversion to THA following failed intertrochanteric hip fracture fixation 
using a CMN continues to increase. This occurs in elderly patients with increased 
comorbidities. There is a significantly increased risk of infection, dislocation, and LOS in 
these patients. Patients with failed intertrochanteric hip fracture fixation using a CMN who 
require THA should be made aware of the increased risk of complications, and steps need 
to be taken to reduce this risk.
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Conversion to THA following failed intertrochanteric hip 
fracture fixation has an increased incidence of complications 
such as dislocation and periprosthetic fracture, with increased 
costs.14-18 Comparing DHS with CMN, previous authors have 
found that conversion to THA following CMN fixation has 
longer operating time, increased blood loss, and an increased 
incidence of perioperative complications.5,19-21 The aim of this 
study was to identify specific complications, including re- 
admission and revision, in patients undergoing THA following 
failed treatment of an intertrochanteric fracture using a CMN.

Patients and Methods
Patients who had a THA (International Classification of Dis-
eases (ICD) code 81.51)22 between 2002 and 2005, as well 
as five years of prior claim history, were identified from the 
5% subset of Medicare Part A (inpatient) data.23 This subset is 
collected from a sample of patients with identification num-
bers, for which the digits are randomly selected. These data 
are collected until these patients die. Using the correspond-
ing Medicare Part B (professional/physician) data for patients 
who undergo THA, those who had been treated with a CMN 
for an intertrochanteric fracture in the previous five years were 
identified and compared with the remaining patients who had 
undergone primary THA. CMN was identified using Current 
Procedural Terminology (CPT) code 27245. The diagnosis 
of an intertrochanteric hip fracture was based on ICD, Ninth 
Revision, Clinical Modification (ICD-9-CM) codes (820.20, 
820.21) before 1 October 2015 or Tenth Revision (ICD-10-CM) 
codes (S72.101A, S72.102A, S72.109A, S72.141A, S72.142A, 
S72.143A, S72.144A, S72.145A, S72.146A) after 1 October 
2015. Patients who had an intertrochanteric fracture in the five 
years before undergoing THA, but who were not treated with 
a CMN, were excluded. Those whose medical history for the 
five years before undergoing THA was not available were also 
excluded.

Length of stay (LOS) after THA, infection, dislocation, revi-
sion, and re-admission up to two years postoperatively were 
compared between those with and without prior CMN. Infection 
was identified using ICD-9-CM code 996.66 or ICD-10-CM 
codes T84.50XA, T84.51XA, T84.52XA, and T84.59XA, 
while dislocation was identified using ICD-9-CM codes 996.42, 
835.0x, and 718.35, or ICD-10-CM codes T84.020, T84.021, 
and T84.029. Revision surgery for any indication was identified 
from CPT codes 27134, 27137, and 27138. Revision for infec-
tion or dislocation as diagnostic codes were also considered as 
outcomes.
Statistical analysis. Infection, dislocation, revision, and re- 
admission were evaluated using multivariate Cox regression 
analysis, adjusted for various demographic, hospital, and clin-
ical factors. Covariates in the model included age at time of 
THA, Medicare buy-in status, race, census region, sex, Charl-
son Comorbidity Index (CCI),24 discharge status following 
THA, number of hospital beds, hospital ownership, hospital 
teaching status, LOS after THA, year of THA, a previous diag-
nosis of diabetes, obesity and heart disease (using the relevant 
ICD-9-CM or ICD-10-CM codes), and previous CMN for an 
intertrochanteric fracture. The Medicare buy-in status is a proxy 
for socioeconomic status, as it indicates whether the patient 

received state subsidies for their premiums. LOS was compared 
using univariate Student’s t-test, followed by multivariate Pois-
son regression with the above-mentioned covariates (SAS 9.4 
statistical software; SAS Institute, Cary, North Carolina).

Results
The Medicare data yielded 56 522 patients who had under-
gone primary THA, of whom 369 (0.65%) had previously been 
treated with CMN. The incidence of THA after CMN between 
2002 and 2005 (0.342%) subsequently more than doubled to 
0.786% between 2012 and 2015. The CMN group tended to 
be older and female, and to have a higher CCI score and lower 
socioeconomic status (Fig. 1). The mean LOS was 5.3 days 
(sd 3.5) in the CMN group and 3.8 days (sd 2.4) in the control 
group (p < 0.0001). The adjusted LOS was 23.7% (95% con-
fidence interval (CI) 18.3 to 29.4) longer in the CMN group 
(multivariate, p < 0.0001).

The rate of postoperative complications within two years was 
higher in the CMN group, compared with the non-CMN group: 
infection (6.2% vs 2.6%), dislocation (8.1% vs 4.5%), revision 
(8.4% vs 4.3%), revision for infection (1.1% vs 0.37%), and 
revision for dislocation (2.2% vs 0.6%) (Fig. 2). The two-year 
adjusted risks of infection, dislocation, revision, revision for 
infection, and revision for dislocation were significantly higher 
for the CMN group by 125% (95% CI 40 to 261; p < 0.001), 
95% (95% CI 32 to 188; p < 0.001), 181% (95% CI 95 to 307; 
p < 0.001), 379% (95% CI 74 to 1217; p = 0.002), and 321% 
(95% CI 104 to 766; p < 0.001), respectively. The main indica-
tion for revision in both groups, two years postoperatively, was 
dislocation (Table I). The risk of re-admission was also signifi-
cantly higher in the CMN group by 21% at three months (95% 
CI 1 to 45; p = 0.041) and by 20% at six months (95% CI 1 to 
42; p = 0.038).

Discussion
The overall number of intertrochanteric fractures continues 
to increase, reflecting our increased life expectancy. Conver-
sion to THA is the most common form of treatment in elderly 
patients following the failed intertrochanteric hip fracture 
fixation. This is a complex procedure without the predictable 
outcomes of THA for osteoarthritis. We used a large Medicare 
database to examine the trends and complications following 
conversion to THA after failure of CMN fixation for an inter-
trochanteric fracture. We identified infection (6.2%) and dis-
location (8.1%) as the most common indications for revision 
surgery. THA under these circumstances can be difficult for 
many reasons including proximal femoral malunion, retained 
hardware, and trauma to the soft tissues and abductors, often 
resulting in dense scarring and occasionally heterotopic bone. 
The exposure and removal of hardware in these patients can 
be difficult with long operating time and increased blood loss. 
This procedure may need, therefore, to be staged in some 
patients.

The choice of implants for the THA has to be based on many 
factors including the extent of proximal femoral bone loss, the 
presence of malunion that may require osteotomy, and the qual-
ity of the bone. The surgical goals are to restore leg length and 
offset, and to provide stability. Other authors have published 
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Graphic charts showing: a) age distribution of patients undergoing total hip arthroplasty (THA) with or without prior cephalomedullary nail (CMN); 
b) distribution of sex for patients undergoing THA with or without prior CMN; c) Charlson Comorbidity score distribution of patients undergoing 
THA with or without prior CMN; and d) socioeconomic status distribution of patients undergoing THA with or without prior CMN with state buy-in 
representing lower socioeconomic status.
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Graphic chart demonstrating incidence of postoperative complications following total hip arthroplasty (THA) with or without prior cephalomedullary 
nail (CMN) at two years following surgery.



94 A. SMITH, K. DENEHY, K. L. ONg, E. LAU, D. HAgAN, A. MALKANI      

Follow us @BoneJointJ THE HIP SOCIETY SUPPLEMENT TO THE BONE & JOINT JOURNAL

small retrospective studies reporting on conversion to THA 
following failed fixation of an intertrochanteric fracture with 
similar results. Archibeck et al25 reviewed THA after failed 
fixation of proximal femoral fractures at a single institution 
between 1987 and 2008. Of their 102 patients, 39 had a pre-
vious intertrochanteric fracture and, of those, only three were 
treated with CMN. For their entire cohort, the early complica-
tion rate was 11.8% with a dislocation rate of 4.9%. The rates 
of periprosthetic fracture and dislocation were higher when 
converting intertrochanteric fractures compared with intracap-
sular fractures. Tetsunaga et al26 undertook a similar retrospec-
tive review of 50 patients who underwent conversion to THA 
following failed fixation of a proximal femoral fracture. They 
found no complications following intracapsular fractures, but 
a 25% complication rate following intertrochanteric fractures. 
The incidence of periprosthetic fracture and dislocation was 
9.4% and 6.3%, respectively. The incidence of infection was 
6.3% and there was one stem perforation (3.1%). Zhang et al16 
described a series of 19 patients who underwent conversion to 
THA following failed intertrochanteric hip fracture fixation. 
Their complication rate was high at 47%. The incidence of 
intraoperative periprosthetic fracture and dislocation was 32% 
and 16%, respectively.

D’Arrigo et al27 reviewed 21 patients who underwent conver-
sion to THA following failed intertrochanteric fracture fixation. 
They recorded a much lower complication rate, with only one 
intraoperative fracture that required cabling and no dislocations. 
Lee et al28 reviewed 33 patients who underwent conversion to 

THA following failed intertrochanteric hip fracture fixation, 19 
of whom had been treated with a CMN. They reported five intra-
operative periprosthetic fractures, but no dislocations. Pui et al20 
performed a multicentre study with 91 patients who underwent 
conversion to THA following failed intertrochanteric hip frac-
ture fixation, 31 of whom had been treated with a CMN. The 
complication rate in the CMN group was significantly higher 
at 41%, compared with 11.7% in the sliding hip screw group  
(p = 0.001). Periprosthetic fracture and dislocation were the 
most common complications.

Using the Medicare database, we were able to report on the 
largest series in the literature of patients undergoing conver-
sion to THA following failed intertrochanteric hip fracture 
fixation using a CMN. We found an approximately three-fold 
increase in the incidence of conversion to THA in patients 
treated with a CMN during the early period of the study (2002 
to 2005) compared with the recent years (2012 to 2015). 
Patients requiring this procedure were older, had a higher 
CCI score, and had a lower socioeconomic status, which are 
known risk factors for malunion and nonunion. However, even 
when adjusting for these comorbidities, those who underwent 
conversion had a longer LOS than patients who underwent 
primary THA. This is likely to be due to the more extensive 
surgery that is required.

As with the other studies on this subject, postoperative com-
plications were higher in those who had previously been treated 
with a CMN compared with those undergoing routine primary 
THA. The incidence of infection and dislocation were both 

Table I. The main indication for revision

Diagnosis code Description n (%)

With prior CMN

996.42 Dislocation of prosthetic joint   9 (30.0)

996.66 Infection and inflammatory reaction due to prosthesis   3 (10.0)

V57.89 Care involving other specified rehabilitation procedure   3 (10.0)

599.0 Urinary tract infection, site not specified   2 (6.7)

996.49 Other mechanical complication of orthopaedic device, implant, or graft   2 (6.7)

358.01 Myasthenia gravis with (acute) exacerbation   1 (3.3)

427.32 Atrial flutter   1 (3.3)

427.81 Sinoatrial node dysfunction   1 (3.3)

453.41 Acute venous embolism and thrombosis of deep vessels of proximal lower limb   1 (3.3)

482.9 Bacterial pneumonia, unspecified   1 (3.3)

Without prior CMN

996.42 Dislocation of prosthetic joint 190 (13.1)

996.4 Mechanical complication of orthopaedic device, implant, or graft 151 (10.4)

V57.89 Care involving other specified rehabilitation procedure 149 (10.2)

996.44 Periprosthetic fracture 137 (9.4)

996.41 Mechanical loosening of prosthetic joint 106 (7.3)

996.66 Infection and inflammatory reaction due to prosthesis  97 (6.7)

996.47 Other mechanical complication of prosthetic joint implant  51 (3.5)

996.77 Other complications due to prosthesis  45 (3.1)

715.35 Osteoarthrosis, localized, not specified whether primary or secondary, pelvic region and thigh  39 (2.7)

996.43 Fracture of prosthetic joint  26 (1.8)

CMN, cephalomedullary nail
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close to double in the CMN group. The incidence of infection 
was significantly greater in the conversion group. This could 
be related to the presence of hardware, the extensile expo-
sure, longer operating time, and higher comorbidities in these 
patients. It is important to rule out infection as a cause of failure 
of fixation prior to conversion to THA. As this is a high-risk 
group of patients, steps must be undertaken intra- and postoper-
atively to minimize the risk of infection.

The cause of dislocation following conversion to THA in 
these patients is multifactorial. There may be comminution and 
malunion of the initial fracture leading to abductor deficiency 
and compromised function, increasing the risk of dislocation. 
The insertion of a CMN through the trochanter can also damage 
and compromise the abductor muscles. Attention must be paid 
to restoring leg length and offset in order to reduce the risk of 
dislocation. This may require the use of modular femoral stems, 
trochanteric osteotomy, and possibly dual-mobility acetabular 
components. We did not have detailed information about the 
type of implants that were used, nor were radiographs available; 
these are limitations of large database studies. We also did not 
have specific surgical information to identify the incidence of 
periprosthetic fractures that other authors have identified, given 
the proximal femoral deformity in patients with failed intertro-
chanteric hip fracture fixation. As our population continues to 
age, patients requiring conversion to THA after failed intertro-
chanteric hip fracture fixation using a CMN will continue to 
increase. Surgeons must recognize the increased risk of compli-
cations and take preventive steps to minimize them in this high-
risk group of patients.

Take home message
- There is a significantly increased risk of infection, disloca-
tion, and length of stay in patients undergoing conversion 
to total hip arthroplasty following failed intertrochanteric hip 
fracture fixation using a cephalomedullary nail.

- Patients undergoing this procedure should be aware of the increased 
risks and should be provided with appropriate counselling. Surgeons 
should also be aware of the increased risks and take preventive steps to 
minimize them.

References
	 1.	 Cooper	C,	Cole	ZA,	Holroyd	CR,	et	al. Secular trends in the incidence of hip and 

other osteoporotic fractures. Osteoporos Int 2011;22:1277–1288. 
	 2.	 Cooper	C,	Campion	G,	Melton	LJ	III. Hip fractures in the elderly: a world-wide 

projection. Osteoporos Int 1992;2:285–289.
	 3.	 Cummings	 SR,	 Rubin	 SM,	 Black	 D. The future of hip fractures in the United 

States. Numbers, costs, and potential effects of postmenopausal estrogen. Clin 
Orthop Relat Res 1990;252:163–166.

	 4.	 Bhandari	 M,	 Schemitsch	 E,	 Jönsson	 A,	 Zlowodzki	 M,	 Haidukewych	
GJ. Gamma nails revisited: gamma nails versus compression hip screws in the man-
agement of intertrochanteric fractures of the hip: a meta-analysis. J Orthop Trauma 
2009;23:460–464.

	 5.	 Yuan	BJ,	Abdel	MP,	Cross	WW,	Berry	DJ. Hip arthroplasty after surgical treat-
ment of intertrochanteric hip fractures. J Arthroplasty 2017;32:3438–3444. 

	 6.	 Henzman	C,	Ong	K,	Lau	E,	et	al. Complication risk after treatment of intertrochan-
teric hip fractures in the Medicare population. Orthopedics 2015;38:e799-e805.

	 7.	 Anglen	JO,	Weinstein	JN;	American	Board	of	Orthopaedic	Surgery	Research	
Committee. Nail or plate fixation of intertrochanteric hip fractures: changing pattern 
of practice. A review of the American Board of Orthopaedic Surgery Database. J 
Bone Joint Surg [Am] 2008;90-A:700–707.

	 8.	 Aros	B,	Tosteson	ANA,	Gottlieb	DJ,	Koval	KJ. Is a sliding hip screw or im nail 
the preferred implant for intertrochanteric fracture fixation? Clin Orthop Relat Res 
2008;466:2827–2832. 

	 9.	 Barton	TM,	Gleeson	R,	Topliss	C,	et	al. A comparison of the long gamma nail 
with the sliding hip screw for the treatment of AO/OTA 31-A2 fractures of the 
proximal part of the femur: a prospective randomized trial. J Bone Joint Surg [Am] 
2010;92-A:792–798.

	10.	 Parker	MJ,	Handoll	HH. Gamma and other cephalocondylic intramedullary nails 
versus extramedullary implants for extracapsular hip fractures in adults. Cochrane 
Database Syst Rev 2010;9:CD000093. 

	11.	 Parker	MJ,	Cawley	S. Sliding hip screw versus the Targon PFT nail for trochan-
teric hip fractures: a randomised trial of 400 patients. Bone Joint J 2017;99-B: 
1210–1215. 

	12.	 Bohl	 DD,	 Basques	 BA,	 Golinvaux	 NS,	 et	 al. Extramedullary compared with 
intramedullary implants for intertrochanteric hip fractures: thirty-day outcomes 
of 4432 procedures from the ACS NSQIP database. J Bone Joint Surg [Am] 
2014;96-A:1871–1877.

	13.	 Swart	E,	Makhni	EC,	Macaulay	W,	Rosenwasser	MP,	Bozic	KJ. Cost-effec-
tiveness analysis of fixation options for intertrochanteric hip fractures. J Bone Joint 
Surg [Am] 2014;96-A:1612–1620. 

	14.	 Haidukewych	GJ,	Berry	DJ. Hip arthroplasty for salvage of failed treatment of 
intertrochanteric hip fractures. J Bone Joint Surg [Am] 2003;85-A:899–904.

	15.	 Chin	G,	Wright	DJ,	Snir	N,	Schwarzkopf	R. Primary vs conversion total hip arthro-
plasty: a cost analysis. J Arthroplasty 2016;31:362–367. 

	16.	 Zhang	B,	Chiu	KY,	Wang	M. Hip arthroplasty for failed internal fixation of intertro-
chanteric fractures. J Arthroplasty 2004;19:329–333.

	17.	 DeHaan	AM,	Groat	T,	Priddy	M,	et	al. Salvage hip arthroplasty after failed fixa-
tion of proximal femur fractures. J Arthroplasty 2013;28:855–859. 

	18.	 Qin	 CD,	 Helfrich	 MM,	 Fitz	 DW,	 et	 al. Differences in post-operative out-
come between conversion and primary total hip arthroplasty. J Arthroplasty 
2018;33:1477–1480. 

	19.	 Bercik	MJ,	Miller	AG,	Muffly	M,	et	al. Conversion total hip arthroplasty: a reason 
not to use cephalomedullary nails. J Arthroplasty 2012;27(8 Suppl):117–121. 

	20.	 Pui	CM,	Bostrom	MP,	Westrich	GH,	et	al. Increased complication rate following 
conversion total hip arthroplasty after cephalomedullary fixation for intertrochanteric 
hip fractures: a multi-center study. J Arthroplasty 2013;28(8 Suppl):45–47. 

	21.	 Exaltacion	JJF,	Incavo	SJ,	Mathews	V,	Parsley	B,	Noble	P. Hip arthroplasty 
after intramedullary hip screw fixation: a perioperative evaluation. J Orthop Trauma 
2012;26:141–147. 

	22.	 No	 authors	 listed. International Classification of Diseases,Ninth Revision, Clini-
cal Modification (ICD-9-CM) https://www.cdc.gov/nchs/icd/icd9cm.htm (date last 
accessed 10 April 2019).

	23.	 No	 authors	 listed. Centers for Medicare & Medicaid Services: Standard analyt-
ical files (Medicare claims)- LDS https://www.cms.gov/Research-Statistics-Da-
ta-and-Systems/Files-for-Order/LimitedDataSets/StandardAnalyticalFiles.html (date 
last accessed 10 April 2019).

	24.	 Charlson	ME,	Pompei	P,	Ales	KL,	MacKenzie	CR. A new method of classifying 
prognostic comorbidity in longitudinal studies: development and validation. J Chronic 
Dis 1987;40:373–383. 

	25.	 Archibeck	MJ,	Carothers	JT,	Tripuraneni	KR,	White	RE	Jr. Total hip arthro-
plasty after failed internal fixation of proximal femoral fractures. J Arthroplasty 
2013;28:168–171. 

	26.	 Tetsunaga	T,	Fujiwara	K,	Endo	H,	et	al. Total hip arthroplasty after failed treat-
ment of proximal femur fracture. Arch Orthop Trauma Surg 2017;137:417–424. 

	27.	 D’Arrigo	C,	Perugia	D,	Carcangiu	A,	et	al. Hip arthroplasty for failed treatment of 
proximal femoral fractures. Int Orthop 2010;34:939–942. 

	28.	 Lee	 YK,	 Kim	 JT,	 Alkitaini	 AA,	 et	 al. Conversion hip arthroplasty in failed fixa-
tion of intertrochanteric fracture: a propensity score matching study. J Arthroplasty 
2017;32:1593–1598.



96 A. SMITH, K. DENEHY, K. L. ONg, E. LAU, D. HAgAN, A. MALKANI      

Follow us @BoneJointJ THE HIP SOCIETY SUPPLEMENT TO THE BONE & JOINT JOURNAL

Author information:
A. Smith, MD, Orthopedic Surgery Resident
K. Denehy, MD, Adult Reconstruction Fellow
Department of Orthopaedic Surgery, University of Louisville, Louisville, 
Kentucky, USA.

K. L. Ong, PhD, Biomedical Engineer
Exponent Inc., Philadelphia, Pennsylvania, USA.

E. Lau, MS, Senior Managing Scientist, Exponent Inc., Menlo Park, California, 
USA.

D. Hagan, BS, Medical Student, School of Medicine, University of Louisville, 
Louisville, Kentucky, USA.

A. Malkani, MD, Orthopedic Surgeon, Adult Reconstruction Program, University 
of Louisville, KentuckyOne Health, Louisville, Kentucky, USA.

Author contributions:
A. Smith: Wrote the manuscript, Gathered the references.
K. Denehy: Wrote the manuscript, Gathered the references.
K. L. Ong: Conceptualized and designed the study, Analyzed and interpreted the 
data, Wrote and edited the manuscript.
E. Lau: Designed the study, Acquired and analyzed the data, Edited the 
manuscript.

D. Hagan: Wrote the manuscript, Gathered the references.
A. Malkani: Conceptualized and designed the study, Analyzed the data, Wrote 
the manuscript.

Funding statement:
No benefits in any form have been received or will be received from a 
commercial party related directly or indirectly to the subject of this article.

ICMJE COI statement:
K. Ong is an employee and shareholder of Exponent, a scientific and engineering 
consulting firm. Exponent has been paid fees for K. L. Ong’s consulting services 
on behalf of companies and suppliers including Medtronic, Stryker Orthopaedics, 
Sanofi, Ferring Pharmaceuticals, Paradigm Spine, Pacira Pharmaceuticals, St. 
Jude Medical, Relievant Medsystems, Zimmer Biomet, Joerns Healthcare, 
SpineFrontier, Ethicon, DJO, Ossur, and Karl Storz Endoscopy-America. E. 
Lau is an employee and shareholder of Exponent, a scientific and engineering 
consulting firm. Exponent has been paid fees for E. Lau’s consulting services on 
behalf of companies and suppliers including Medtronic, Stryker Orthopaedics, 
Sanofi, Ferring Pharmaceuticals, Paradigm Spine, Pacira Pharmaceuticals, and 
Relievant Medsystems.

This article was primary edited by J. Scott.

This paper was presented at The Hip Society 2018 Summer Meeting 
in New York, New York, United States.


