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Aims

The aims of the study were to report for a cohort aged younger than 40 years: 1) indications
for HRA; 2) patient-reported outcomes in terms of the modified Harris Hip Score (HHS); 3)
dislocation rate; and 4) revision rate.

Methods

This retrospective analysis identified 267 hips from 224 patients who underwent an hip re-
surfacing arthroplasty (HRA) from a single fellowship-trained surgeon using the direct lat-
eral approach between 2007 and 2019. Inclusion criteria was minimum two-year follow-up,
and age younger than 40 years. Patients were followed using a prospectively maintained
institutional database.

Results

A total of 217 hips (81%) were included for follow-up analysis at a mean of 3.8 years. Of the
23 females who underwent HRA, none were revised, and the median head size was 46 mm
(compared to 50 mm for males). The most common indication for HRA was femoroacetabu-
lar impingement syndrome (n = 133), and avascular necrosis ( (n = 53). Mean postoperative
HHS was 100 at two and five years. No dislocations occurred. A total of four hips (1.8%)
required reoperation for resection of heterotopic ossification, removal of components for
infection, and subsidence with loosening. The overall revision rate was 0.9%.

Conclusion

For younger patients with higher functional expectations and increased lifetime risk for re-
vision, HRA is an excellent bone preserving intervention carrying low complication rates,
revision rates, and excellent patient outcomes without lifetime restrictions allowing these
patients to return to activity and sport. Thus, in younger male patients with end-stage hip
disease and higher demands, referral to a high-volume HRA surgeon should be considered.
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Introduction resurfacing arthroplasty (HRA) represents an

The best reconstructive method for young
adults with degenerative hip disease is an
ongoing topic of discussion. While total hip
arthroplasty (THA) is a consistent, reproduc-
ible procedure, it has been associated with
loss of bone stock and lifetime activity restric-
tions that preclude high demand activities,
including running and contact sports.” Hip

alternative solution that preserves femoral
bone stock, and has excellent stability with
low dislocation rates.?* For young patients
aged under 40 years presenting to a sports
medicine or hip preservation clinic with signs
of end-stage joint disease, referral to a recon-
structive specialist is an important decision.
Fouilleron et al®* reported 92% of patients
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who underwent HRA returned to running. Similarly, Naal
et al® reported 98% of patients returned to a mean of
4.6 sport disciplines, including downbhill skiing, tennis,
football, and soccer; moreover, return to sports occurred
within the first three months after surgery. Both reports
measure their findings due to concerns of implant survi-
vorship and revision risk.

Not all adult reconstructive surgeons perform HRA,
as multiple factors have limited widespread adoption in
the USA. Among these are concerns regarding adverse
reactions from the metal-on-metal (MoM) articulation,
revision risk due to femoral neck fracture, and technical
challenges. Historical studies reporting failures in the
HRA literature are limited by the inclusion of patients,
surgeons, and implants that would not meet modern
expectations in terms of implant metallurgy, unique
component positioning, and patient selection.”"
Previous studies have investigated the benefits of HRA in
clinical outcomes. Halawi et al™ published a minimum
five-year follow-up of HRA and THA in patients aged 55
years and younger, and found that HRA had advantages
in multiple outcomes measures, including dislocations,
component loosening, revisions, re-operations, deep
infections, patient satisfaction, and mortality. Further-
more, patients undergoing HRA have reported greater
improvement in general health status and higher activity
levels compared to those undergoing THA.22 A 2012
registry-based cohort study found that patients with HRA
had a significantly lower risk of death in men of all ages,
compared to uncemented and cemented THA, poten-
tially due to pressurization of the medullary canal from
clinical and subclinical emboli showering.’ Similarly, a
2013 study by Kendal et al” reported described lower
mortality rates in patients undergoing HRA compared to
both cemented and uncemented THA (3.6% vs 6.1% and
3.0% vs 4.1%, respectively) after accounting for multiple
confounding variables such as age, sex, indication, and
comorbidity. Presently, it is thought that larger and
younger male patients are better suited for HRA due to
the ability to implant a greater head size, which decreases
the risk of edge loading and maintains fluid film lubri-
cation, thereby leading to fewer instances of metallosis,
elevated ion levels and adverse local tissue responses
such as pseudotumor.’® While conventional THA remains
a more technically facile and reproducible operation, the
restrictions on activity, availability of bone stock in future
revisions, potentially increased mortality rate, and thigh
pain are non-negligible considerations in the younger,
high demand patient population with end-stage hip
disease.”®20

For patients who have suffered from avascular necrosis
(AVN), untreated chronic femoroacetabular impinge-
ment syndrome (FAIS), slipped capital femoral epiphysis
(SCFE), or other pathologies resulting in hip pathology at
a young age, the option of THA is less than ideal for this

higher demand population due to the associated activity
restrictions and increased revision risk. HRA represents
an excellent bone preserving alternative that meets the
demands of this unique population without imposing
lifelong activity restrictions (i.e. running, impact sports,
anterior or posterior hip precautions). Many patients that
present to a hip preservation or sports medicine clinic
may be quite young. This paper presents the outcomes
of HRA in patients aged under 40 years. The objectives of
the study are to report: 1) indications for HRA; 2) patient-
reported outcomes in terms of the modified Harris Hip
Score (HHS); 3) dislocation rate; and 4) revision rate. We
hypothesize HRA represents a safe hip operation that
carries excellent outcomes for this challenging popu-
lation with end-stage hip disease and high functional
demands, including return to sport.

Methods

Patients. Patient records from a single, high volume
fellowship-trained surgeon (PJB) performing HRA at a ter-
tiary referral centre were reviewed. The Birmingham Hip
Resurfacing system (Smith & Nephew, USA) was used in
each HRA in this study through the direct lateral approach
of the hip. We recommend a conservative postoperative
return to activities, with six weeks of partial weightbear-
ing using crutches, and avoidance of strenuous exertion,
running and jumping for a full year. Inclusion criteria
were aged less than 40 years and follow-up for = two
years. During the 2007 to 2019 period, 3,722 HRAs were
performed, and 3,455 procedures were excluded for
age > 40 years. Of 267 hip resurfacing procedures per-
formed on patients aged under 40 years between 2007
and 2019, 217 hips (81%) met criteria for follow-up and
were included in the study.

Outcomes. All patients were followed using a prospec-
tively maintained institutional database. Indication for
surgery, age, laterality, sex, date of surgery, date of last
follow-up, and documentation of any subsequent sur-
gery were noted for each hip included. From this data,
demographic summary statistics (sex, age) and descrip-
tive statistics characterizing indication for surgery and
femoral implant size were generated. Modified Harris
Hip Scores calculated at one-, two-, and five-year follow-
up were documented. The dislocation and revision rates
were recorded. For patients who underwent revision sur-
gery, the chart was reviewed in detail and context of the
revision procedure was presented.

Statistical analysis. Descriptive statistics were calculated
for demographic variables. All analyses were undertak-
en using the Excel version 14.5.4 (Microsoft, USA) and
R Version 3.6.3 (R Foundation for Statistical Computing,
Austria).?" A p-value < 0.05 was set to determine statisti-
cal significance.
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Fig. 1

Distribution of femoral head sizes, stratified by patient sex

Table 1. Primary diagnoses of patients undergoing hip resurfacing.

Primary diagnosis Patients, n

Femoroacetabular impingement syndrome 133
Avascular necrosis 53
Hip dysplasia

Perthes' disease

Slipped capital femoral epiphysis
Rheumatoid arthritis

Seronegative spondyloarthropathy

w A A ONNN

Prior septic arthritis

Results
A total of 217 hip resurfacing procedures performed in
205 patients aged under 40 years at a single institution
(Cleveland Clinic Foundation, Cleveland, Ohio, USA)
from July 2007 to December 2019 were included in this
analysis. Of these, 193 HRAs were performed in males
(88.9%) and 24 in females (11.1%). The mean age at
operation was 33.4 years (14 to 39). The median femoral
head resurfacing component size was 50 mm for males
(44 to 58) and 46 mm for females (42 to 48) (Figure 1).
For the included patients, the mean follow-up was
3.8 years (2 to 12.7). A total of 74 hip resurfacings
(27.7%) had five or more years of follow-up available.
The most common primary diagnoses were femoroace-
tabular impingement syndrome (FAIS) (n = 133; 61.3%),
avascular necrosis (n = 53; 24.4%), and hip dysplasia (n =
7; 3.2%). A full list of primary diagnoses leading to resur-
facing is displayed below in Table I.

Modified Harris Hip Scores (HHS) were collected for all
217 HRAs as a clinical assessment of hip function. At two
years postoperatively, the average HHS was 100 (stan-
dard deviation (SD) 0.13). At five years postoperatively,
the average HHS was 100 (SD 0). Examples of patients
who underwent HRA for FAIS and AVN are demonstrated
in Figures 2 and 3, respectively.

No hip dislocations or femoral neck fractures occurred.
No patients had abnormally elevated metal ions,
although metal ion levels were obtained only with clinical
concerns. There were no adverse local tissue responses,
or pseudotumors. Among this cohort, four reoperations
were performed at a mean time of 45 months. In two of
these, no component revision was required (removal of
heterotopic ossification, and incision and drainage). One
deep infection (0.46%) required component removal at
42 months in an intravenous drug user with concurrent
disc space infection. Overall aseptic implant survivorship
was 99.0% at a mean of 46 months follow-up. Survivor-
ship in females, and aseptic survivorship in males with
osteoarthritis (OA), was 100%. Each hip revision and
reoperation is analyzed individually in Table II.

Discussion

In this study, we retrospectively reviewed 217 HRAs in
patients aged under 40 years performed by a single high-
volume surgeon at a tertiary referral centre from 2007 to
2019 with a minimum follow-up of two years. Despite
the follow-up rate of 81%, this represents the largest
cohort of HRAs studied in this unique and challenging
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Fig. 2

Preoperative anteroposterior radiographs a) of a 31-year-old male with femoroacetabular impingement. Intraoperative photos (b) demonstrate the deformity
before and after resurfacing. Eight-year postoperative radiographs (c and d) demonstrate HRA with excellent fixation, no loosening or subsidence, and

minimal asymptomatic heterotopic ossification.

patient population. Mean postoperative HHS was maxi-
mally reached at 100 at two and five years, indicating
excellent patient-reported outcomes. For this cohort, we
report a low aseptic revision rate of 0.5% (n = 1) with
a mean follow-up of 3.8 years. Survivorship in females
— although not advocated — and aseptic survivorship in
males with end-stage disease was 100%. No dislocations
occurred, likely due to the large head size, direct lateral
surgical approach, or a combination of both. This low
revision rate combined with excellent postoperative func-
tional outcomes without activity, range of motion, and
sporting restrictions demonstrates that HRA represents
an excellent intervention in the young, high demand
patient population with high future revision risk. These
findings support the notion that high demand patients
presenting to a sports or hip preservation clinic should
be considered for referral to a high volume HRA surgeon.

In comparison to previous hip resurfacing series, this
cohort was limited to patients under 40 years of age,
where a surgeon may hesitate to offer THA. The most

common indication for HRA in this younger cohort was
FAIS (n = 133; 61.3%), followed by AVN (n = 53; 24.4%),
and congenital hip dysplasia (n = 7; 3.2%). These findings
vary slightly from those previously reported in literature.
A 2014 analysis of 1,000 hips treated with HRA reported
the most common indication to be OA (n = 763; 76%),
followed by dysplasia (n = 103; 10%) and osteonecrosis
(n =40; 4%).?2 However, 'primary OA' does not preclude
the diagnosis of FAIS-induced OA. We believe that the
most common condition treated in this series, end-stage
FAIS with secondary osteoarthritis, is likely the most
common pathology affecting young hips. We note the
presence of a pistol-grip deformity best seen on a frog
lateral radiograph,??* varus alignment of the head on the
neck, retroversion of the head, anterosuperior eburnated
bone, and a labral tear. These morphological changes
can be corrected at the time of hip resurfacing.® End-
stage FAI may be recognized more frequently once the
surgeon is aware of these findings. We agree with other
groups that “primary” OA in this age group is rare.?
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Fig. 3

Preoperative radiographs (a) of an 18-year-old female who experienced avascular necrosis one year after completing treatment of Ewing’s sarcoma.
Intraoperative photos (b, ¢, and d) demonstrated a collapsed femoral head with nearly 40% bone loss. Ten-year postoperative radiographs (e) demonstrate

excellent fixation without loosening or subsidence.

Table II. Revision cases specific details and indications.

Indication for primary

Postoperative time to
revision/reoperation,

Patient Age,yrs Sex HRA Head size, mm mnths Indication
Femoral head collapse and inversion of
1 30 M Avascular necrosis 44 39 acetabular component (subsidence)
Postoperative drainage of unknown
2 27 M Ankylosing spondylitis 50 48 aetiology
Femoroacetabular Heterotopic ossification (noncompliance
3 34 M impingement 52 51 with postoperative celecoxib)
Femoroacetabular Infection/septic arthritis with psoas
4 32 M impingement 50 42 abscess

HRA, hip resurfacing arthroplasty.

In the present study, the modified Harris Hip Score
(HHS) was assessed as the primary patient-reported
outcome measure (PROM) to determine subjective
hip function after resurfacing. PROMs are important
quality metrics that are useful in holistically determining
the success of an implant and its ability to improve
the subjective quality of life for implant recipients. A
touted advantage of hip resurfacing is the ability to offer
younger patients the ability to live more active lifestyles,

which may be essential in improving quality-of-life and
patient satisfaction. Moreover, the preservation of bone
stock may offer more normal gait,?”? fewer concerns for
leg length discrepancy?-° improved proprioception,*
and no persistent thigh pain found in the THA popula-
tion.?? These nuanced differences likely contribute to
the patient returning to sports and high demand activ-
ities. Currently, several studies have confirmed excellent
PROMs after HRA. Samuel et al*® investigated PROMs and
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patient satisfaction for 350 individuals who underwent
hip resurfacing procedures. Overall, the group found
that patients who required revision had significantly
lower HHS scores compared to those who did not require
revisions. They also demonstrated that males had signifi-
cantly higher HHS scores compared to females. However,
it should be noted that the median age of the study popu-
lation was 53. A 2009 study found that, at one year after
arthroplasty, patients with HRA reported significantly
improved Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) scores than patients with
THA (p = 0.041).” These patients also reported superior
scores in all Short Form 36 (SF-36) domains (p < 0.05)."
Additionally, an analysis of 51 THAs and 53 HRAs in
2006 found that patients with HRA reported significantly
higher quality of life scores than patients with THA (0.9
vs 0.78; p = 0.003) as well as significantly higher levels
of activity as measured by UCLA activity score (9 vs 7,
p < 0.001).2* Our study further supports these findings,
reporting excellent HHS with mean scores of 100 and
100 at two- and five-years post-resurfacing, respectively.
While specific sports-related questionnaires were not
asked of the study group, HRA allows patients to return to
their activities without dislocation precautions or activity
restrictions, potentially contributing to the significant
increase in PROMs.

In our cohort of 217 hip resurfacing procedures, two
revisions were performed, one for late deep infection in
an intravenous drug abuser, indicating an overall revision
rate of 0.92%, and an aseptic revision rate of 0.46% with a
mean time to revision of 3.4 years. In addition, there were
two reoperations, one for excision of heterotopic ossifica-
tion (0.46%), and one incision and drainage for infection
(0.46%). It should be noted that the first of these might
have been prevented had the patient been compliant with
postoperative celecoxib to obviate the known complica-
tion of heterotopic ossification.> Several previous studies
have reported similarly excellent survivorship for hip
resurfacing. In 2021, Amstutz et al*® conducted an inves-
tigation of 355 patients who underwent HRA, which
demonstrated an 83.5% 20-year survivorship, indicating
the long-term durability of the implant. In a separate
study, Gani et al*’ investigated the long-term survivorship
of 105 patients who underwent HRA, showing an 86.7%
survivorship in a cohort with a mean follow-up of 14.9
years. In 2014, Daniel et al*? reported a HRA revision rate
of 3.8% with a mean follow-up of 13.7 years. In 2018, a
review of 360 hips reported a similarly low revision rate
of 4.3% with an average follow-up of 7.2 years.*® We also
report no dislocations in our cohort, which remains one
of the most common complications after THA. Several
studies confirm this finding as an advantage of HRA to
THA.** The total incidence of hip dislocation after THA
has been widely reported, ranging from 1% to as high as
10% in some, with dislocation being the most common

indication for revision THA (17.3%).4>*2 Thus, the ability
to mitigate this risk makes HRA an attractive solution in
younger patients. Should the HRA fail, the revision may
require only a standard stem with a dual-mobility bearing
into the existing resurfacing socket.

Although the senior author (PJB) no longer performs
or advocates for HRAs on females, it is worth mentioning
that none of the 23 females in the cohort experienced
any complications or failures related to MoM hip resur-
facing. It should be noted that these procedures were
carried out before the manufacturer’s withdrawal in
2015 for implants of any size within females or head
sizes below 48 mm for males. Cobalt and chromium
levels were not obtained as a routine, but whenever
there were clinical concerns or prior to a second side
procedure. All patients with follow-up metal ion levels
(n = 185) had cobalt and chromium levels below three
parts per billion. Advanced imaging was obtained if the
patient had clinical symptoms and elevated metal ion
levels. Three studies reported in the American Journal of
Sports Medicine describe the value of HRA as a procedure
offering return to activities and sports disallowed with
THA."»¢ However, all three caution survivorship of the
young patient population undergoing HRA. Our findings
demonstrate HRA is a safe and reproducible procedure
among high-volume surgeons that may potentially offer
a tremendous advantage over THA in terms of quality of
life for patients seeking to resolve their pain and disability
of a destructed hip joint without sacrificing participation
within a sport. Although our protocol permits full return
at one year postoperatively, Sandiford et al** describes
patients successfully returning at three months with
the same preoperative intensity. Given the paucity of
surgeons performing HRA, most patients are unaware
that there exists an alternative procedure that will permit
full activities. Moreover, arthroplasty surgeons who are
not trained in HRA are less likely refer to a HRA specialist.
Thus, patient referral remains the most critical element
for these young, high demand male patients with end-
stage joint disease.

Our study has several limitations. The hip resurfacing
procedures analyzed in this study were performed at one
institution by a single surgeon who has extensive expe-
rience performing HRA. This restriction in our cohort
selection may limit the generalizability of the reported
findings. Previous studies have determined that there
exists a learning curve both in avoiding early compli-
cations as well as achieving optimal component posi-
tioning.*"** Given the relative rarity of this procedure
in the USA, it is likely that few surgeons currently have
both the experience and the comfort level to perform hip
resurfacing with proficiency. However, previous registry
studies and other single-institution cohort analyses indi-
cate that similar results with this technique are reproduc-
ible.?2*~4% Another limitation lies within the follow-up
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period of the study. While our study demonstrated an
average follow-up of 3.8 years providing context short-
to medium-term outcomes, it did not capture long-term
outcomes following HRA. Therefore, further investiga-
tions are warranted to assess the impact of long-term
outcomes for patients who underwent HRA. In addition,
while we report revisions that have been documented
in our institution’s cohort, patients unsatisfied with
their hip resurfacing may have elected to have a revi-
sion performed at a different institution, and thus may
not have been captured by this study in the subpopu-
lation of patients lost to follow-up. We were unable to
compare this cohort to a matched-control cohort of
patients undergoing THA. Such a cohort would be useful
in making a more direct comparison of revision rates and
patient reported outcome measures. Despite the lack of
a matched-control group, our findings provide valuable
evidence supporting the effectiveness of HRA as a bone-
preserving procedure with excellent outcomes for high-
risk younger patients. Furthermore, our study did not
directly assess radiological measurements of component
positioning. However, early complications like femoral
neck fracture and dislocation that may have been evident
from postoperative radiographs did not occur. Therefore,
our study emphasized the assessment of complications
and the need for revision following HRA. Although the
HHS scores were excellent, there exist ceiling effects with
this PROM which may fail to delineate nuance.* Specifi-
cally, HHS does not capture high demand activities and
sports and thus this cohort cannot comment on activity
demand. Finally, it is also important to note that despite
the limitation of losing 19% of the cohort, this study
represents the largest cohort of hip resurfacing patients
aged under 40 years reported to date, providing valuable
understanding of the outcomes of hip resurfacing in this
population.

In conclusion, for younger patients with higher func-
tional expectations and increased lifetime risk for revi-
sion, HRA is an excellent bone preserving intervention
and carries low complication rates, low revision rates,
and excellent patient outcomes without lifetime restric-
tions allowing these patients to return to activity and
sport. Thus, in younger male patients with end-stage hip
disease and higher demands, referral to a high volume
HRA surgeon should be considered.

A Take home message

’) - This study represents the largest retrospective analysis of hip
resurfacing arthroplasty (HRA) specifically for patients aged
under 40 years.

- This study establishes HRA as a viable bone preserving intervention

for younger patients, carrying low complication rates, low revision

rates, and high patient satisfaction without lifetime activity or sporting

restrictions.

Twitter
Follow P. N. Ramkumar @prem_ramkumar

Follow H. J. F. Shaikh @h_shaikh1188
Follow J. J. Woo @joshua_j_woo

References
1. Banerjee M, Bouillon B, Banerjee C, et al. Sports activity after total hip

resurfacing. Am J Sports Med. 2010;38(6):1229-1236.

2. Grigoris P, Roberts P, Panousis K, Bosch H. The evolution of hip resurfacing
arthroplasty. Orthop Clin North Am. 2005;36(2):125-134.

3. Issa K, Palich A, Tatevossian T, Kapadia BH, Naziri Q, Mont MA. The outcomes

of hip resurfacing compared to standard primary total hip arthroplasty in Men. BMC
Musculoskelet Disord. 2013;14:161.

. Krantz N, Miletic B, Migaud H, Girard J. Hip resurfacing in patients under
thirty years old: an attractive option for young and active patients. Int Orthop.
2012;36(9):1789-1794.

. Fouilleron N, Wavreille G, Endjah N, Girard J. Running activity after hip
resurfacing arthroplasty: A prospective study. Am J Sports Med. 2012;40(4):889-894.

. Naal F-D, Maffiuletti NA, Munzinger U, Hersche 0. Sports after hip resurfacing
arthroplasty. Am J Sports Med. 2007;35(5):705-711.

. Daniel J, Pynsent PB, McMinn DJW. Metal-on-metal resurfacing of the hip
in patients under the age of 55 years with osteoarthritis. J Bone Joint Surg Br.
2004;86-B(2):177-184.

. De Haan R, Campbell PA, Su EP, De Smet KA. Revision of metal-on-metal
resurfacing arthroplasty of the hip: the influence of malpositioning of the components.
J Bone Joint Surg Br. 2008;90-B(9):1158-1163.

. McBryde CW, Dehne K, Pearson AM, Treacy RBC, Pynsent PB. One- or two-
stage bilateral metal-on-metal hip resurfacing arthroplasty. J Bone Joint Surg Br.
2007;89-B(9):1144-1148.

10. McMinn D, Treacy R, Lin K, Pynsent P. Metal on metal surface replacement
of the hip. Experience of the McMinn prothesis. Clin Orthop Relat Res. 1996;329
Suppl:S89-98.

11. McMinn DJW. Development of metal/metal hip resurfacing — 10 years experience.
Orthap Procs. 2004;86-B(SUPP_IV):423.

12. McMinn DJW, Daniel J, Ziaee H, Pradhan C. Results of the Birmingham Hip
Resurfacing dysplasia component in severe acetabular insufficiency: a six- to 9.6-year
follow-up. J Bone Joint Surg Br. 2008;90-B(6):715-723.

13. Pandit H, Glyn-Jones S, McLardy-Smith P, et al. Pseudotumours associated with
metal-on-metal hip resurfacings. J Bone Joint Surg Br. 2008;90-B(7):847-851.

14. Halawi MJ, Oak SR, Brigati D, Siggers A, Messner W, Brooks PJ. Birmingham
hip resurfacing versus cementless total hip arthroplasty in patients 55 years or
younger: A minimum five-year follow-up. J Clin Orthop Trauma. 2018;9(4):285-288.

15. Lingard EA, Muthumayandi K, Holland JP. Comparison of patient-reported
outcomes between hip resurfacing and total hip replacement. J Bone Joint Surg Br.
2009;91-B(12):1550-1554.

16. McMinn DJW, Snell KIE, Daniel J, Treacy RBC, Pynsent PB, Riley RD.
Mortality and implant revision rates of hip arthroplasty in patients with osteoarthritis:
registry based cohort study. BMJ. 2012;344:¢3319.

17. Kendal AR, Prieto-Alhambra D, Arden NK, Carr A, Judge A. Mortality rates at
10 years after metal-on-metal hip resurfacing compared with total hip replacement
in England: retrospective cohort analysis of hospital episode statistics. BMJ.
2013;347(11):f6549.

18. Murray DW, Grammatopoulos G, Pandit H, Gundle R, Gill HS, McLardy-Smith
P. The ten-year survival of the Birmingham hip resurfacing: an independent series. J
Bone Joint Surg Br. 2012;94-B(9):1180-1186.

19. Dunbar MJ, Prasad V, Weerts B, Richardson G. Metal-on-metal
hip surface replacement: the routine use is not justified. Bone Joint J.
2014;96-B(11 Supple A):17-21.

20. Shimmin AJ, Baré JV. Comparison of functional results of hip resurfacing and total
hip replacement: a review of the literature. Orthop Clin North Am. 2011;42(2):143-151.

21. Therneau TM. Survival Analysis. R package survival version 3.1-12. April 2020.
https://cran.r-project.org/web/packages/survival/index.html (date last accessed 12
May 2023).

22. Daniel J, Pradhan C, Ziaee H, Pynsent PB, McMinn DJW. Results of
Birmingham hip resurfacing at 12 to 15 years: a single-surgeon series. Bone Joint J.
2014;96-B(10):1298—1306.

23. Stafford G, Witt J. The anatomy, diagnosis and pathology of femoroacetabular
impingement. Br J Hosp Med (Lond). 2009;70(2):72—77.

Fy

o

~

(-]

BONE & JOINT OPEN


https://cran.r-project.org/web/packages/survival/index.html

24.

25.

26.

2]1.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

a.

42.

43.

44,

HIP RESURFACING ARTHROPLASTY AS AN ALTERNATIVE TO THA IN PATIENTS AGED UNDER 40 YEARS

Stulberg$, CordellL, HarrisW. Unrecognised childhood hip disease: a major cause
of idiopathic osteoarthritis of the hip. In: Third Open Scientific Meeting of The Hip
Society. St. Louis: CV Mosby Co, 1975: 212-228.

Brooks P, Bershadsky B. Femoroacetabular impingement: A resurfacing solution.
J Bone Joint Surg Br. 2012;94-B(11 Suppl A):32-35.

Harris WH. Etiology of osteoarthritis of the hip. Clin Orthop Relat Res. 1986;213:20—
33.

Mont MA, Seyler TM, Ragland PS, Starr R, Erhart J, Bhave A. Gait analysis
of patients with resurfacing hip arthroplasty compared with hip osteoarthritis and
standard total hip arthroplasty. J Arthroplasty. 2007,22(1):100-108.

Wiik AV, Lambkin R, Cobb JP. Gait after Birmingham Hip Resurfacing: an age-
matched controlled prospective study. Bone Joint J. 2019;101-B(11):1423-1430.
Herman KA, Highcock AJ, Moorehead JD, Scott SJ. A comparison of leg length
and femoral offset discrepancies in hip resurfacing, large head metal-on- metal and
conventional total hip replacement: A case series. J Orthop Surg Res. 2011;6(1):65.
Parry MC, Povey J, Blom AW, Whitehouse MR. Comparison of acetabular bone
resection, offset, leg length and post operative function between hip resurfacing
arthroplasty and total hip arthroplasty. J Arthroplasty. 2015;30(10):1799-1803.
Nunley RM, Zhu J, Brooks PJ, et al. The learning curve for adopting hip resurfacing
among hip specialists. Clin Orthop Relat Res. 2010;468(2):382—391.

Nam D, Nunley RM, Sauber TJ, Johnson SR, Brooks PJ, Barrack RL.
Incidence and Location of Pain in Young, Active Patients Following Hip Arthroplasty.
J Arthroplasty. 2015;30(11):1971-1975.

Samuel LT, Zuke WA, Mahmood S, Munim MA, Alamir PB, Brooks PJ.
Hip resurfacing: a single surgeon U.S series with minimum ten-year follow-up. J
Arthroplasty. 2022;37(9):1799-1808.

Pollard TCB, Baker RP, Eastaugh-Waring SJ, Bannister GC. Treatment
of the young active patient with osteoarthritis of the hip. J Bone Joint Surg Br.
2006;88-B(5):592-600.

Ng M, Brigati D, Wagner TC, et al. Prophylactic celecoxib administration is
associated with decreased incidence and severity of heterotopic ossification
after hip resurfacing by direct lateral approach in male patients. Orthopedics.
2018;41(6):e807—e812.

Amstutz HC, Le Duff MJ. The 20-year results of the first 400 Conserve Plus hip
resurfacing arthroplasties. Bone Joint J. 2021;103-B(7 Supple B):25-32.

Gani MH, Zahoor U, Hanna SA, Scott G. Metal-on-metal hip resurfacing
arthroplasty provides excellent long-term survivorship and function in patients with a
good-sized femoral head: results of a single, non-designer surgeon’s cohort. Bone Jt
Open. 2022;3(1):68-76.

Ford MC, Hellman MD, Kazarian GS, Clohisy JC, Nunley RM, Barrack RL.
Five to ten-year results of the Birmingham hip resurfacing implant in the U.S: a single
Institution’s experience. J Bone Joint Surg Am. 2018;100-A(21):1879-1887.
McBryde CW, Shears E, O'Hara JN, Pynsent PB. Metal-on-metal hip
resurfacing in developmental dysplasia: a case-control study. J Bone Joint Surg Br.
2008;90-B(6):708-714.

Gwam CU, Mistry JB, Mohamed NS, et al. Current epidemiology of revision
total hip arthroplasty in the United States: national inpatient sample 2009 to 2013. J
Arthroplasty. 2017;32(7):2088-2092.

Kim M-W, Chung Y-Y, Lee J-W, Kim C-H. Measuring the impact of femoral head
size on dislocation rates following total hip arthroplasty. Hip Pelvis. 2017;29(2):91-96.
Miller LE, Gondusky JS, Bhattacharyya S, Kamath AF, Boettner F, Wright
J. Does surgical approach affect outcomes in total hip arthroplasty through
90 days of follow-up? a systematic review with meta-analysis. J Arthroplasty.
2018;33(4):1296-1302.

Sandiford N, Muirhead-Allwood SK, Skinner JA. Return to sporting activity
after Birmingham hip resurfacing arthroplasty: Mid term results. Indian J Orthop.
2015;49(6):595-601.

Amstutz HC, Le Duff MJ, Johnson AJ. Socket position determines hip resurfacing
10-year survivorship. Clin Orthop Relat Res. 2012;470(11):3127-3133.

46.

415

45. Brooks PJ. Hip resurfacing: a large, US single-surgeon series. Bone Joint J.

2016;98-B(1_Supple_A):10-13.
Buergi ML, Walter WL. Hip resurfacing arthroplasty: the Australian experience. J
Arthroplasty. 2007;22(7):61-65.

47. Corten K, MacDonald SJ. Hip resurfacing data from national joint registries: what

do they tell us? What do they not tell us? Clin Orthop Relat Res. 2010;468(2):351-357.

438. Della Valle CJ, Nunley RM, Raterman SJ, Barrack RL. Initial American

experience with hip resurfacing following FDA approval. Clin Orthop Relat Res.
2009;467(1):72-78.

49. Wamper KE, Sierevelt IN, Poolman RW, Bhandari M, Haverkamp D. The

Harris Hip Score: Do ceiling effects limit its usefulness in orthopedics? Acta Orthap.
2010;81(6):703-707.

Author information:

& P. N. Ramkumar, MD, MBA, Orthopaedic Fellow, Hip Preservation Service, Hospital
for Special Surgery, New York, New York, USA; Long Beach Orthopaedic Institute,
Long Beach, California, USA.

= H. . E. Shaikh, BS, Medical Student, Department of Orthopaedic Surgery, Rochester,
University of Rochester Medical Center, Rochester, New York, USA.

¥ |. ). Woo, BS, Medical Student, Department of Orthopaedic Surgery, Brown
University, Warren Alpert School of Medicine, Providence, Rhode Island, USA.

= H. S. Haeberle, MD, Resident Physician, Hip Preservation Service, Hospital for
Special Surgery, New York, New York, USA.

® M. Pang, BS, Medical Student, Department of Orthopaedic Surgery, Harvard
Medical School, Cambridge, Massachusetts, USA.

= P.J. Brooks, MD, FRCS(C), Orthopaedic Surgeon, Cleveland Clinic Florida, Weston,
Florida, USA.

Author contributions:

= P. N. Ramkumar: Conceptualization, Formal analysis, Investigation, Methodology,
Supervision, Validation, Visualization, Writing - original draft, Writing - reviewing &
editing.

= H. . E Shaikh: Investigation, Methodology, Writing - original draft.

¥ |.J. Woo: Investigation, Methodology, Formal analysis, Writing - review & editing.

" H. S. Haeberle: Investigation, Methodology, Formal analysis, Writing - review &
editing.

M. Pang: Investigation, Methodology, Formal analysis, Writing - review & editing.

= P. ). Brooks: Conceptualization, Supervision, Data curation, Writing - original draft,
Writing - reviewing & editing.

Funding statement:

= The author(s) disclose receipt of the following financial or material support for the
research, authorship, and/or publication of this article: licensed templates for instru-
ments used in the BHR.

ICMJE COI statement:

= P. J. Brooks reports royalties or licenses, whereby the author licensed mushroom
templates to Smith & Nephew (instruments used in the procedure), and being
a consultant for Smith & Nephew, which is related to this work. P. N. Ramkumar
declares consulting fees from Stryker and Globus, royalties from Globus, support
for attending meetings and/or travel from Stryker and Arthrex, and stock or stock
options from Intelligent Health Analytics Inc., Overture Resurfacing, Johnson &
Johnson, and Conformis, all of which is unrelated to this article.

Data sharing:

= The datasets generated and analyzed in the current study are not publicly available
due to data protection regulations. Access to data is limited to the researchers who
have obtained permission for data processing. Further inquiries can be made to the
corresponding author.

Ethical review statement :
" IRB 19-782 (Cleveland Clinic Foundation, Cleveland, Ohio, USA)

Open access funding:
= The authors report that the open access for this manuscript was self-funded.

© 2023 Author(s) et al. This is an open-access article distributed under the terms of
the Creative Commons Attribution Non-Commercial No Derivatives (CC BY-NC-ND 4.0)
licence, which permits the copying and redistribution of the work only, and provided
the original author and source are credited. See https://creativecommons.org/licenses/
by-nc-nd/4.0/

VOL. 4, NO. 6, JUNE 2023


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

	Hip resurfacing arthroplasty as an alternative to total hip arthroplasty in patients aged under 40 years
	Introduction
	Methods
	Results
	Discussion
	References
	Funding statement:


