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Abstract 

Introduction  The incidence of osteonecrosis of the femoral head is estimated at about 10 to 20,000 patients annu-
ally, and, when left untreated, 80% or more of cases progress to femoral head collapse. A series of joint-preserving 
procedures have been developed to prevent/delay the need for hip arthroplasty. The aim of this study was to provide 
a five-year update: (1) evaluating temporal trends of arthroplasty vs. joint-preservation techniques such as core 
decompression, bone grafting, osteotomies, and arthroscopy; (2) determining proportions of procedures in patients 
aged less than vs. over 50 years; and (3) quantifying rates of specific operative techniques.

Methods  A total of 10,334 patients diagnosed with osteonecrosis of the femoral head and having received hip 
surgery were identified from a nationwide database between 1 January 2010 and 31 December 2019, by using the 
International Classification of Disease, the Ninth/Tenth revision (ICD-9/10) codes. The percentage of patients managed 
by each operative procedure was calculated annually. To identify trends, patients were grouped by age under/over 
50 years and divided into a joint-preserving and a non-joint-preserving (arthroplasty) group. Chi-squared tests were 
performed to compare the total number of procedures per year.

Results  Rates of arthroplasty far exceeded those for joint-preserving procedures. However, from 2015 to 2019, signifi-
cantly more joint-preserving procedures were performed than in 2010 to 2014 (4.3% vs. 3.0%, P < 0.001). Significantly 
more joint-preserving procedures were performed in patients aged < 50 years relative to those ≥ 50 years (7.56% 
vs. 1.86%, P < 0.001). Overall, total hip arthroplasty was the most common procedure (9,814; 94.97%) relative to core 
decompression (331; 3.20%), hemiarthroplasty/resurfacing (102; 0.99%), bone grafting (48; 0.46%), and osteotomy (5; 
0.05%).

Conclusion  Management of patients who have osteonecrosis of the femoral head continues to be predominantly 
arthroplasty procedures, specifically, total hip arthroplasty. Our findings suggest a small, but significant trend toward 
increased joint-preserving procedures, especially in patients under 50 years. In particular, the proportion of patients 
receiving core decompression has increased significantly from 2015 to 2019 relative to prior years.
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Introduction
Osteonecrosis of the femoral head (ONFH), or hip oste-
onecrosis (ON), has an estimated incidence of 20,000 to 
30,000 patients annually in the USA [1] and is thought 
to be the underlying diagnosis in about 10% of all total 
hip arthroplasties (THA) [2–4]. The pathophysiology of 
ONFH involves disruption of the vascular supply of sub-
chondral bone leading to osteoblast death and articular 
surface collapse [1]. Although the specific etiologies are 
multifactorial and incompletely understood, they can be 
broadly divided into either direct causes (e.g., trauma, 
irradiation, dysbarism/Caisson disease, hematologic 
diseases, sickle cell disease) [5] or indirect causes (e.g. 
alcoholism, corticosteroid use, hypercoagulable states, 
systemic lupus erythematosus, protease inhibitors, 
viruses such as hepatitis or human immunodeficiency 
virus) [1, 4]. Patients between the ages of 35 to 50 are 
most susceptible and more than 80% of untreated cases 
will progress to femoral head collapse and arthritis [4]. 
Given the relatively young age of presentation and the 
known natural progression of hip ON [6, 7], there has 
been considerable interest in developing effective man-
agement with joint preservation.

While total hip arthroplasty remains the gold standard 
that provides good outcomes, with modern implants esti-
mated to last 25 years in 58% of patients [8], when per-
formed in patients who are young and relatively active, 
they may necessitate at least one revision in the future. 
Other non-joint-preserving procedures such as hemi-
arthroplasty or hip resurfacing likewise present similar 
revision concerns [9–11]. To this end, there has been 
growing interest in developing joint-preserving proce-
dures, including core decompression, and bone grafting. 
Such joint-preserving options can be divided into more 
simple early-stage hip ON pre-collapse (e.g., core decom-
pression, bone grafting, percutaneous drilling with ancil-
lary bone marrow aspirate concentrate) [1, 12–14] to 
more complex procedures (e.g. fibula bone graft, osteot-
omy, non-vascularized bone graft) [1, 12–16]. Although 
a wide range of joint-preserving procedures has been 
performed [1, 14, 17], to date, joint-preservation pro-
cedures remain a small minority of total procedures. 
To our knowledge, the most recent database study on 
ONFH was from 2009 to 2015, using the National Inpa-
tient Sample, and found that joint-preserving procedures 
accounted for 4.9% and 1.5% for patients under and over 
50 years of age respectively [18].

To this end, trends in management for ONFH should 
be updated to give healthcare providers the latest pre-
ferred forms of surgical treatment. The aim of this 
study was to (1) provide a five-year update and char-
acterize overall annual trends in joint-preserving and 

non-joint-preserving procedures; (2) determine the pro-
portion of joint-preserving vs. arthroplasty procedures 
for patients < 50 years relative to those ≥ 50 years of age; 
and (3) quantify the use of specific surgical procedures 
for these patients. Given the growing interest in joint 
preservation and its relative safety, we hypothesized that, 
over the past five years, there has been an increase in 
the proportion of joint-preserving procedures relative to 
arthroplasty techniques.

Methods
Database
This study retrospectively analyzed treatment trends 
using the American College of Surgeons (ACS) National 
Surgical Quality Improvement Program (NSQIP) data-
base. One of the most commonly used databases in 
orthopaedic surgery research [19], this database prospec-
tively collects data on patients undergoing major surgery 
from more than 700 participating hospitals in the United 
States via ACS-trained surgical clinical reviewers, who 
use validated, risk-adjusted methodologies with inter-
rater reliability audits to guarantee validity. These quality 
assessment audits have a reported inter-rater disagree-
ment rate of less than 1.8% [20]. Institutional review 
board (IRB) approval was not required for this study as 
the NSQIP database contains publicly available de-iden-
tified patient data.

Patient selection
The NSQIP database was queried for all patients who 
were diagnosed with osteonecrosis of the femoral head 
between 1 January 2010 and 31 December 2019, using 
International Classification of Disease, the Ninth Revi-
sion (ICD-9) and Tenth Revision (ICD-10) diagnosis 
codes. Subsequently, ONFH patients were subdivided in 
terms of surgical management received during admis-
sion using Current Procedural Terminology (CPT) codes. 
Those classified under non-joint preserving procedures 
included total hip arthroplasty (27,130, 27,132, 27,134) 
and hemiarthroplasty/femoral head resurfacing (27,125). 
Joint-preserving procedures involved core decompres-
sion (27,299, 27,071, 26,922), bone grafting (20,955, 
27,170), osteotomy (27,161, 27,165), and the unspecified 
(29,861, 29,862). Overall, 10,334 patients were identified 
who had a mean age of 55 years (range, 18 to 89 years), 
4,441 women (43.0%) and 5,890 men (5,890; 57.0%). Fur-
thermore, given that the diagnosis of ONFH is most com-
mon in patients aged 35 to 55 years of age, patients were 
separated according to age (≥ or < 50 years age), similar to 
previous studies) [18]. Of note, a significant increase in 
the total number of patients diagnosed with ONFH was 
observed from 2010 to 2019 (223 vs. 1,428 respectively) 
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(P < 0.05). This growth may be attributed to the inclu-
sion of more sites into the database. More specifically, the 
2010 dataset contained data from 258 hospitals (363,431 
total cases), whereas, the 2019 dataset contained data 
from 719 hospitals (1,076,411 total cases). To account for 
this variation, our analysis focused on the percentage/
proportion of ONFH managed with various procedures 
within any given year rather than focusing on the abso-
lute number of procedures performed.

Statistical analyses
The total number and percentage of patients managed 
with joint-preserving and non-joint-preserving proce-
dures for each study year was calculated and compared 
between years, for both patients under and over 50 years 
of age. Chi-squared tests were used to compare the total 
number of each procedure performed by year as well as 
to compare aggregate relative percentages. Trend analy-
ses were conducted to determine whether the procedure 
type varied during the time of interest. All statistical 
analyses were conducted by using SPSS version 28.0 
(IBM Corporation, Armonk, New York, NY, USA), with a 
P-value of 0.05 as the threshold for statistical significance.

Results
Trends in joint‑preserving procedures relative 
to non‑joint‑preserving ones (Arthroplasty)
Overall, there has been a statistically significant increase 
in the proportion of joint-preserving procedures when 
comparing 2010–2014 to 2015–2019 (3.0% vs. 4.3%, 
P < 0.001) (Table  1). Specifically, there were significantly 
more core decompressions from 2010 to 2014 relative to 
2015 to 2019 (2.3% vs. 3.6%, P < 0.001). Nevertheless, as 
a whole, from 2010 to 2019, only 397 procedures (3.8%) 

were joint-preserving, while 9,937 (96.2%) were non-join-
preserving (Fig. 1).

Surgical procedural volumes by patient age < 50 
vs. ≥ 50 years
There were significantly more joint-preserving opera-
tions in patients aged < 50 years (7.6% vs. 1.9%, P < 0.001) 
(Fig.  2). Among patients less than 50  years, there were 
1,119/1192 non-preserving procedures (93.9%) and 
73/1192 (6.1%) joint-preserving procedures from 2010 
to 2014, and 2231/2432 non-joint-preserving proce-
dures (91.7%) and 201/2432 (8.3%) joint-preserving pro-
cedures from 2015 to 2019 (Table 2). In contrast, among 
patients older than 50  years, there were 2206/2235 
non-joint-preserving procedures (98.7%) and 29/2235 
(1.3%) joint-preserving procedures from 2010 to 2014, 
and 4295/4389 (97.9%) and 94/4389 (2.1%) from 2015 to 
2019 (Table 3).

Annual trends and incidences of specific surgical 
management techniques
During the study period, when evaluating the differ-
ent types of operative procedures used, THA was by 
far the most commonly performed (9,814; 95.0%), fol-
lowed by core decompression (331; 3.20%), hemiarthro-
plasty/resurfacing (102; 0.99%), bone grafting (48; 0.5%), 
the unspecified (21; 0.20%), and osteotomy (5; 0.05%) 
(Fig.  1). While the rates of THA remained largely con-
stant from 2010 to 2014 relative to 2015 to 2019 (95.4% 
vs. 94.7%, P > 0.05), during these two time periods there 
was a decrease in proportions of hemiarthroplasty/
resurfacing (1.4% vs. 0.8%, P < 0.001) and an increase in 
core decompression (2.3% vs. 3.6%, P < 0.001) (Table 1).

Table 1  Trends in the type of procedures for all patients from 2009–2019

Year Total hip 
arthroplasty 
n (%)

Hemiarthroplasty/
resurfacing n (%)

Unspecified 
n (%)

Core 
decompression 
n (%)

Bone grafting 
n (%)

Osteotomy 
n (%)

Arthroscopy 
n (%)

Total n (%)

2010 207 (92.8) 3 (1.35) 2 (0.90) 4 (1.79) 3 (1.35) 1 (0.45) 3 (1.35) 223 (100)

2011 541 (95.8) 10 (1.77) 2 (0.35) 10 (1.77) 1 (0.18) 0 (0.00) 1 (0.18) 565 (100)

2012 640 (96.95) 11 (1.65) 2 (0.30) 12 (1.80) 2 (0.30) 0 (0.00) 0 (0.00) 667 (100)

2013 872 (95.51) 9 (0.99) 2 (0.22) 26 (2.85) 3 (0.33) 0 (0.00) 1 (0.11) 913 (100)

2014 1040 (95.50) 14 (1.29) 0 (0.00) 29 (2.66) 5 (0.46) 0 (0.00) 1 (0.09) 1089 (100)

Total 3300 (95.40) 47 (1.36) 8 (0.23) 81 (2.34) 14 (0.40) 1 (0.03) 6 (0.17) 3457 (100)
2015 1335 (94.82) 8 (0.57) 3 (0.21) 48 (3.41) 9 (0.64) 3 (0.21) 2 (0.14) 1408 (100)

2016 1256 (94.72) 6 (0.45) 1 (0.08) 49 (3.70) 11 (0.83) 1 (0.08) 2 (0.15) 1326 (100)

2017 1222 (92.86) 22 (1.67) 5 (0.38) 62 (4.71) 4 (0.30) 0 (0.00) 1 (0.08) 1316 (100)

2018 1304 (95.25) 10 (0.73) 2 (0.15) 49 (3.58) 4 (0.29) 0 (0.00) 0 (0.00) 1369 (100)

2019 1397 (95.82) 9 (0.62) 2 (0.14) 42 (2.88) 6 (0.41) 0 (0.00) 2 (0.14) 1458 (100)

Total 6514 (94.72) 55 (0.80) 13 (0.19) 250 (3.64) 34 (0.49) 4 (0.06) 7 (0.10) 6877 (100)
Overall 9814 (94.97) 102 (0.99) 21 (0.20) 331 (3.20) 48 (0.46) 5 (0.05) 13 (0.13) 10,334
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Discussion
ONFH is believed to be involved in the underlying diag-
nosis for 10% of all THA performed in the USA [1, 4]. 
Although THA continues to be the most commonly used 
procedure for pain relief with good outcomes, factors 
that should be considered for joint preservation include 
the presence/absence of symptoms, degree/stage of ON, 
location/extent of bony involvement, patient’s age, as 
well co-morbidities [3, 18]. Our study found that while 
rates of arthroplasty continue to be far higher than those 
of joint-preserving procedures, from 2015 to 2019 there 
were significantly more joint-preserving procedures 
relative to 2010 to 2014 (4.3% vs. 3.0%, P < 0.001). As 
expected, rates of joint-preserving procedures continue 
to be significantly higher in patients < 50 years relative to 
those ≥ 50 years (7.6% vs. 1.9%, P < 0.001). Overall, though 
THA remains the most common procedure, accounting 
for 94.9% of the procedures, the next standard procedure 
is core decompression, which accounts for 3.2% of all 
operations.

The results from this study are in agreement with the 
current literature. To our knowledge, the most recent 
study examining the trends in ONFH management by 
Sodhi et  al. recruited 219,371 patients and found that 

only 4.93% of procedures were joint-preserving. Nota-
bly, they found a decreasing rate of joint-preserving pro-
cedures from 2009 to 2015, while our most recent data 
demonstrated an increase in joint-preserving procedures 
from 2015 to 2019. This appears to be largely due to a rise 
in core decompression procedures, whose rates increased 
when comparing 2010 to 2014 and 2015 to 2019 (2.3% 
vs. 3.6%, P < 0.001). Core decompression procedures 
saw increased interest and advancement, with modern 
techniques using small-diameter percutaneous drilling 
[12], use of ancillary growth/differentiation factors (e.g. 
autologous bone marrow, demineralized bone matrix, 
bone morphogenetic proteins), and adjunctive vascu-
lar grafting [13, 16]. A meta-analysis of 47 studies sug-
gested that recent core decompression techniques have 
led to better clinical and radiographic outcomes relative 
to prior techniques [21]. Of note, while there have been 
promising results with these experimental techniques 
including autologous stem cell implantation [22], core 
decompression with/without augmentation still has high 
failure rates with known preoperative femoral head sub-
chondral collapse (Ficat stage III/IV hips) and modified 
Kerboul necrotic angles over 250 degrees [23]. While it 
is promising that the rates of joint-preserving procedures 

Fig. 1  Surgical procedures for osteonecrosis of the femoral head (ONFH) based on the national surgical quality improvement program (NSQIP) data 
from 2010 to 2019
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have risen relative to prior years, additional research is 
required to more fully characterize the indications and 
contraindications for joint preservation over arthroplasty.

In accordance with previous literature, our study 
found that significantly more joint-preserving proce-
dures were performed for patients aged < 50  years rela-
tive to those ≥ 50. Although THA provides an excellent 
and consistent improvement in pain relief and functional 
outcomes, they often necessitate at least one revision 
in younger, active patients due to issues such as aseptic 

acetabular/femoral component loosening, polyethylene 
wear, and infection [24]. Accordingly, it is promising to 
see significantly more joint-preserving procedures per-
formed in patients < 50  years. A review by Pierce et  al. 
discussing prior hip-preserving procedures found that 
previous history of core decompression, bone graft-
ing, rotational osteotomy and resurfacing did not have 
a negative impact on postoperative outcomes follow-
ing THA [25]. Given their low morbidity, shorter oper-
ative time, and lower overall cost, joint-preserving 

Fig. 2  Trends in joint-preserving vs. non-joint-preserving procedures in patients aged above and below 50 years old from 2009–2019

Table 2  Trends in the type of procedures for patients younger than 50 from 2009–2019

Year THA n (%) Hemiarthroplasty/
resurfacing n (%)

Unspecified 
n (%)

Core 
decompression 
n (%)

Bone grafting 
n (%)

Osteotomy 
n (%)

Arthroscopy 
n (%)

Total n (%)

2010 67 (88.16) 1 (1.32) 0 (0.00) 3 (3.95) 3 (3.95) 0 (0.00) 2 (2.63) 76 (100)

2011 190 (94.06) 2 (0.99) 1 (0.50) 8 (3.96) 0 (0.00) 0 (0.00) 1 (0.50) 202 (100)

2012 196 (95.61) 2 (0.98) 1 (0.49) 4 (1.95) 2 (0.98) 0 (0.00) 0 (0.00) 205 (100)

2013 290 (90.91) 5 (1.57) 1 (0.31) 20 (6.27) 2 (0.63) 0 (0.00) 1 (0.31) 319 (100)

2014 361 (92.56) 2 (0.51) 0 (0.00) 21 (5.38) 5 (1.28) 0 (0.00) 1 (0.26) 390 (100)

Total 1104 (92.62) 12 (1.01) 3 (0.25) 56 (4.70) 12 (1.01) 0 (0.00) 5 (0.42) 1192 (100)
2015 436 (90.83) 1 (0.21) 1 (0.21) 35 (7.29) 4 (0.83) 2 (0.42) 1 (0.21) 480 (100)

2016 442 (91.70) 0 (0.00) 0 (0.00) 29 (6.02) 8 (1.66) 1 (0.21) 2 (0.41) 482 (100)

2017 419 (89.91) 2 (0.43) 3 (0.64) 38 (8.15) 3 (0.64) 0 (0.00) 1 (0.21) 466 (100)

2018 448 (91.43) 3 (0.61) 0 (0.00) 35 (7.14) 4 (0.82) 0 (0.00) 0 (0.00) 490 (100)

2019 475 (92.41) 1 (0.19) 0 (0.00) 31 (6.03) 5 (0.97) 0 (0.00) 2 (0.39) 514 (100)

Total 2220 (91.28) 7 (0.29) 4 (0.16) 168 (6.91) 24 (0.99) 3 (0.12) 6 (0.25) 2432 (100)
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procedures should be considered by orthopedic surgeons 
when appropriate before arthroplasty in younger, active 
patients without contraindications [1, 18, 26].

Nevertheless, our data demonstrated that THA 
remains the procedure of choice in managing ONFH, 
accounting for 94.9% of patients who were diagnosed 
with ONFH over the past decade. Implant innovations 
such as ceramic-on-ceramic bearing surfaces, cement-
less prostheses with highly-porous fixation, and the use 
of ultra-high molecular weight polyethylene have further 
increased long-term survivorship of THA. Moreover, 
studies have shown that previous history of joint-preserv-
ing procedures is not associated with negative outcomes 
following THA [27]. Nevertheless, patients who have end-
stage renal disease and/or a transplant, sickle cell disease, 
and Gaucher disease have been noted to be at higher revi-
sion risk after THA [28]. Our findings demonstrated that 
other procedures such as hemiarthroplasty, and resurfac-
ing have largely fallen out of favor, potentially due to con-
cerns about failure and advancements in THA and other 
joint-preserving techniques [29]. More complex pro-
cedures such as vascularized or non-vascularized bone 
graft trapdoor (e.g., lightbulb and Phemister techniques) 
have also been explored with high efficacy at 4-year mean 
follow-up [26, 30]. However, for advanced-stage ONFH 
with subchondral collapse, few good long-term treatment 
options are available apart from arthroplasty. To this end, 
a better understanding of risk factors and early diagnosis/
management of hip ON is likely the key.

Although this study analyzed a large sample size from 
the ACS-NSQIP which includes data on 300,000 plus 
cases from 686 hospitals annually, it is not without limita-
tions [19]. As a database study, we identified patients and 

procedures using ICD-9/-10 and CPT codes which may 
contain coding errors. This being said, NSQIP is consist-
ently maintained by surgical clinical reviewers who have 
averaged an inter-rater variability of 1.8% [31]. Of note, it 
was not possible to separate hemiarthroplasty from hip 
resurfacing, although given small absolute numbers this 
did not detract from our study. We were unable to identify 
the Ficat stage of osteonecrosis when patients presented 
for management, and were therefore unable to match the 
subsequent surgical option with disease stage [32]. The 
severity stratification of osteonecrosis along with baseline 
patient functional status could be investigated further by 
future prospective studies. In addition, our NSQIP study 
focused predominantly on identifying surgical trends and 
did not have the ability to distinguish between potential 
variable indications for surgery, and surgical approaches, 
or report long-term functional or patient-reported out-
comes of these procedures. In addition, due to inavailabil-
ity of CPT coding, we were unable to determine the rates 
or use of biological augmentation in core decompression. 
In spite of these limitations, as a whole, we believe that 
this study is well-powered to characterize surgical volume 
trends in the management of hip ON.

Conclusion
The annual incidence of ONFH is estimated to stand at 
10 to 20,000 annually and is believed to be the underlying 
diagnosis in 10% of all THAs performed in the USA. Due 
to its presentation in younger, active patients who are not 
ideal arthroplasty candidates due to the risk of at least 
one revision in the future, a series of joint-preserving pro-
cedures have been developed to delay/prevent progres-
sion. Our study found that the rate of joint-preserving 

Table 3  Trends in the type of procedures for patients aged 50 and above from 2009–2019

Year THA n (%) Hemiarthroplasty/
resurfacing n (%)

Unspecified 
n (%)

Core 
decompression 
n (%)

Bone grafting 
n (%)

Osteotomy 
n (%)

Arthroscopy 
n (%)

Total n (%)

2010 139 (95.21) 2 (1.37) 2 (1.37) 1 (0.68) 0 (0.00) 1 (0.68) 1 (0.68) 146 (100)

2011 348 (96.94) 7 (1.95) 1 (0.28) 2 (0.56) 1 (0.28) 0 (0.00) 0 (0.00) 359 (100)

2012 436 (96.04) 9 (1.98) 1 (0.22) 8 (1.76) 0 (0.00) 0 (0.00) 0 (0.00) 454 (100)

2013 575 (98.12) 3 (0.51) 1 (0.17) 6 (1.02) 1 (0.17) 0 (0.00) 0 (0.00) 586 (100)

2014 671 (97.25) 11 (1.59) 0 (0.00) 8 (1.16) 0 (0.00) 0 (0.00) 0 (0.00) 690 (100)

Total 2169 (97.05) 32 (1.43) 5 (0.22) 25 (1.12) 2 (0.09) 1 (0.04) 1 (0.04) 2235 (100)
2015 895 (97.07) 5 (0.54) 2 (0.22) 13 (1.41) 5 (0.54) 1 (0.11) 1 (0.11) 922 (100)

2016 801 (96.51) 5 (0.60) 1 (0.12) 20 (2.41) 3 (0.36) 0 (0.00) 0 (0.00) 830 (100)

2017 795 (94.87) 16 (1.91) 2 (0.24) 24 (2.86) 1 (0.12) 0 (0.00) 0 (0.00) 838 (100)

2018 844 (97.46) 6 (0.69) 2 (0.23) 14 (1.62) 0 (0.00) 0 (0.00) 0 (0.00) 866 (100)

2019 911 (97.64) 8 (0.86) 2 (0.21) 11 (1.18) 1 (0.11) 0 (0.00) 0 (0.00) 933 (100)

Total 4246 (96.74) 40 (0.91) 9 (0.21) 82 (1.87) 10 (0.23) 1 (0.02) 1 (0.02) 4389 (100)
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procedures has risen relative to prior years, particularly 
in patients under the age of 50 years, and more specifi-
cally, the rates of core decompression have risen from 
2015 to 2019 relative to previous years. This could poten-
tially be explained by promising early results from mod-
ern techniques including small-diameter drilling with 
augmentation with bone marrow aspirates. Overall, our 
findings provide insight into current management trends 
of ONFH, of which THA remains dominant in nearly 
94.9% of patients diagnosed with ONFH. Future work 
should be geared towards further characterizing appro-
priate surgical candidates for joint-preserving procedures 
and their subsequent outcomes.
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