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Total hip arthroplasty (THA) remains one of the most effica-
cious surgical interventions in medicine and is most com-
monly performed for osteoarthritis, inflammatory arthritis,
avascular necrosis, or femoral neck fracture.1,2 Other indi-
cations for THA, such as hip degeneration in the setting of
retained femoral instrumentation, may require removal of
prior instrumentation, use of revision components, and/or
management of residual proximal femoral deformity.

Several studies have noted inferior outcomes and higher
complication rates in patients undergoing conversion THA
necessitating removal of prior instrumentation, when com-
pared with primary THA. Specifically, conversion THA often
has longer operative times, increased blood loss, longer hospi-
tal length of stay, and higher rates of intraoperative and
postoperative fracture, instability, infection, and all-cause
revision.3–5 Recent series have reported complication rates
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Abstract Total hip arthroplasty (THA) in the setting of significant retained femoral instrumenta-
tion or complex proximal femoral deformity may be challenging and published reports
of THA in this setting reveal sobering results. Hip resurfacing arthroplasty (HRA) is an
alternative toTHA andmay avoid complex hardware removal or deformity correction at
the time of hip arthroplasty. Twenty-three patients who underwent elective HRA in the
setting of significant proximal femoral deformity and/or retained femoral instrumen-
tation were identified from a prospectively maintained registry. Pre- and postoperative
Lower Extremity Assessment Scores (LEAS), modified Harris Hip Scores (mHHS), Hip
Disability and Osteoarthritis Outcome Scores for Joint Replacement (HOOS, JR) scores,
Visual Analog Scale (VAS) pain levels, and metal ion levels were obtained. Median
(interquartile range [IQR]) follow-up was 5.03 (2.07�7.91) years, and no patients had
undergone revision surgery at their latest follow-up. The mean (standard deviation
[SD]) surgical duration was 94.40 (12.00) minutes, and postoperative length of stay
was 1.74 (1.80) days. There were no intraoperative complications, and all patients were
discharged home. Median (IQR) postoperative LEAS, VAS pain scale, mHHS, and HOOS,
JR scores were 13.00 (9.25�13.00), 2.50 (0.75� 10.00), 92.60 (92.40� 100.00), and
92.34 (85.26�100.00), respectively. Fourteen patients completed postoperative
serum metal ion level testing at a mean (SD) of 4.24 (2.85) years, where cobalt and
chromium levels were 1.22 (0.36) and 2.01 (0.80) parts per billion, respectively. HRA is
a viable option for patients with significant proximal femoral deformity or retained
instrumentation, and excellent results at mid-term follow-up can be achieved utilizing
this strategy in this complex patient population.
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of up to 36% in conversion THA within 1 year of surgery.6–15

These cases of conversion THA are often secondary to prior
proximal femoral trauma and subsequent internal fixation, or
from prior surgery for pediatric disease of the hip, namely
developmental hip dysplasia, Legg–Calvé–Perthes (LCP) dis-
ease, and slipped capital femoral epiphysis (SCFE).

Hip resurfacing arthroplasty (HRA) is an alternative to
conventional THA for end-stage osteoarthritis of the hip and
is typically reserved for active, younger male patients with
adequate femoral head bone stock and quality.16,17 Both HRA
and THA involve placement of an acetabular cup. However,
unlike in THA, where the femoral head and neck are removed
and an endoprosthesis is inserted into the femoral canal, in
HRA, a thin surface layer of femoral head is removed and
“capped” with a prosthesis of a similar size to the native
femoral head, which then articulates directly with the ace-
tabular component. In this manner, HRA allows for the
utilization of larger femoral head sizes as well as the preser-
vation of more proximal femoral bone. In the setting of prior
femoral instrumentation, HRA may avoid removal of previ-
ously retained hardware. In the setting of complex proximal
femoral deformities, HRAmayallow for arthroplastywithout
requiring deformity correction, which would otherwise
complicate use of traditional primary THA implants.

Modern approved implants for HRA involve large metal-
on-metal bearings and have demonstrated excellent long-
term survivorship in appropriately selected patients.18

Reports on the utility of HRA in the setting of prior femoral
instrumentation or complex deformity, however, are limited.
A 2008 study involved 15 patients with extra-articular
femoral deformities undergoing HRA, 5 of whom had
retained instrumentation, and a more recent review of 61
HRA patients, of whom 5 had retained hardware, both
demonstrated promising results.19,20 To our knowledge,
this study investigates the largest case series in the literature
for metal-on-metal HRA in patients with retained femoral
instrumentation or complex proximal femoral deformities.
We will in turn examine intraoperative and postoperative
complications, metal ion levels, as well as technical consid-
erations for HRA in this clinical setting.

Methods

All patients who underwent elective HRA in the setting of
significant proximal femoral deformity and/or retained fem-
oral instrumentation due to prior hip procedures were
identified from a prospectively maintained registry (Institu-
tional Review Board approval STUDY 2020-0654). All proce-
dures were performed by a single surgeon between
January 2006 and December 2019 at an urban academic
orthopedic specialty hospital. A total of 32 hips were identi-
fied. Two cases were excluded from analysis due to unclear
patient and/or documented history of preoperative deformi-
ty. Seven cases were determined intraoperatively that THA
would be the indicated procedure, rather than HRA. Of those
seven hips, six were female. One case was determined intra-
operatively to have extensive femoral deformity, and six

cases involved removal of preoperative hardware that would
not have allowed adequate bone stock for a successful HRA.

Of the remaining 23 identified cases, 22 (95.65%) were
male, mean age was 47.44 years (standard deviation [SD]:
15.55) years at the time of surgery, mean body mass index
was 29.08 kg/m2 (3.80 kg/m2), and median (interquartile
range [IQR]) head and cup sizes were 52 (49–52) and
56mm (5–58mm), respectively (►Table 1). All cases under-
went HRA through a posterolateral approach. The Birming-
ham Hip Resurfacing (BHR; Smith & Nephew, Warwick, UK)
was used in 20 hips (86.96%) and the Biomet ReCap (Biomet,
Inc., Warsaw, IN) was used in 3 hips (13.04%).

Immediately postoperation, patients were allowed to bear
weight as tolerated, with the use of crutches as needed.
Patients were allowed to return to activity on the stationary
bike immediately. At 4 weeks’ postsurgery, patients were
transitioned to using a cane as needed and encouraged to
improve range ofmotion and hip flexibility, including stretch-
ing exercises of the anterior capsule, iliotibial band, and hip
flexors. Patients were allowed to restart lower impact activi-
ties such as racquet sports at 3 months and higher impact
activities at 6 months postoperatively. Before a full return to
high impact activity at 6 months, patients were evaluated to
ensure they had achieved a full range of motion, muscle
strength, and no pain or apprehension during activities.

Patients were followed postoperatively at 6 weeks,
3 months, 1 year, and annually after 1 year. Demographics,
metal ion levels, radiographicevaluation, andpatient-reported
outcome measures (PROMs) were collected. Specific PROMs
included were the Lower Extremity Activity Scale (LEAS),
modified Harris Hip Scores (mHHS), Visual Analog Scale
(VAS) Hip Pain, and Hip Disability and Osteoarthritis Outcome
Scores for Joint Replacement (HOOS, JR). Anteroposterior
pelvis and cross-table lateral radiographs were obtained at
postoperative andannual visits. Baseline chromiumand cobalt
metal ion labs were obtained at the first annual postoperative
visit and subsequently every 2 to 5 years. In patients with
elevated levels of >7 parts per billion (ppb) per hip implant,
metal ionmeasurementswere obtained every 6 to 12months.

Statistical analysis was performed using R statistical
software (version 1.1.463). Descriptive statistics was used
to assess cohort characteristics and outcomes. All statistical
tests were two sided with a significance level of 0.05.

Results

Prior Operations
Twenty of the 23 patients (86.96%) had prior surgery
(►Table 1). Of the 23 patients included in this study, a total
of 17 patients had femoral instrumentation at the time of
their HRA, and 2 patients underwent staged preoperative
hardware removal at an outside center prior to presentation.
Of the 20 patients with prior surgery, 8 were previous
femoral head pinning procedures (34.78%), 6 were prior
proximal femoral osteotomies (26.09%), and 6 underwent
prior open reduction internal fixation (26.09%). ►Figs. 1

and 2 demonstrate two cases of HRA in the setting of retained
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femoral instrumentation that would require complex partial
or complete hardware removal for THA.

Femoral Deformity
Causes of femoral deformities varied from prior trauma
(30.43%), SCFE (26.09%), polyostotic fibrous dysplasia
(13.04%), LCP disease (13.04%), cerebral palsy (4.35%), devel-
opmental dysplasia (4.35%), and two cases had unknown
congenital etiologies for their femoral deformities
(8.70%, ►Table 1). ►Figs. 3 and 4 demonstrate HRA in the
setting of femoral deformity, which would complicate inser-
tion of standard THA components.

Postoperative Outcomes
Median (IQR) follow-up was 5.03 (2.07�7.91) years, and
no patients required revision surgery at their latest

follow-up. The mean (SD) surgical duration was 94.40
(12.00) minutes, and the mean (SD) postoperative length
of stay was 1.74 (1.80) days. All patients were discharged
home weight-bearing as tolerated and received physical
therapy instructions for mobilization as noted previously.
Review of operative documentation indicated none of the
23 patients experienced intraoperative complications. One
patient experienced two subluxation events without frank
dislocation, at 14 months after the index procedure, al-
though radiographic analysis revealed implants in good
position and no further surgery was required. One patient
required a prolonged postoperative hospital stay secondary
to medical comorbidities, but the discharge and postoper-
ative recovery course was not noted to be complicated. No
other patients noted complications at the most recent
follow-up visit.

Table 1 General Patient Characteristics

Patient (n¼ 23)

Sex, male (%) 22 (95.65%)

Age, y (SD) 47.44 (15.55)

Laterality, left (%) 14 (61.00%)

Mean body mass index, kg/m2 (SD) 29.08 (3.80)

Mean postoperative metal ion levels (n¼14)

Cobalt, ppb (SD) 1.23 (0.36)

Chromium, ppb (SD) 1.94 (0.82)

Mean follow-up, y (SD) 5.10 (3.36)

Revisions (%) 0 (0.00%)

Mean surgical duration, min (SD) 94.40 (12.00)

Mean length of stay, d (SD) 1.74 (1.80)

Median head size, mm (IQR) 52 (49-52)

Median cup size, mm (IQR) 56 (54-58)

Implant type

Birmingham hip resurfacing 20 (86.96%)

ReCap 3 (13.04%)

Presence of preoperative hardware (%) 17 (73.91%)

Removal of hardware in those with preoperative hardware (%) 2 (11.76%)

Surgical history (%)

Pinning/hardware 8 (34.78%)

Osteotomy 6 (26.09%)

Open reduction and internal fixation 6 (26.09%)

No previous surgery 3 (13.04%)

Femoral deformity (%)

Trauma 8 (34.78%)

Slipped capital femoral epiphysis 6 (26.09%)

Polyostotic fibrous dysplasia 3 (13.04%)

Legg–Calvé–Perthes disease 3 (13.04%)

Childhood (unknown cause) 2 (8.70%)

Developmental dysplasia of the hip and congenital clubfoot 1 (4.35%)

Abbreviations: BMI, body mass index; IQR, interquartile range; ppb, parts per billion; SD, standard deviation.
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Fourteen patients completed postoperative metal ion level
testing at amean (SD) of 4.24 (2.85) years, in units of ppb.Mean
(SD) cobalt and chromium levels were 1.22 (0.36) and 2.01
(0.80) ppb, respectively (►Table 1). Median (IQR) postoperative
LEAS, VAS pain scale, mHHS, and HOOS, JR scores were 13.00
(9.25�13.00), 2.50 (0.75�10.00), 92.60 (92.40�100.00), and
92.34 (85.26�100.00). Median (IQR) preoperative to postoper-
ative improvements in LEAS, mHHS, VAS pain scale, and HOOS,
JR scores were 2.00 (0.00�3.00), 48.40 (37.40�54.90),�50.00
(�40.00 to �59.00), and 32.95 (28.44�37.56), respectively
(►Table 2). All improvements in thepatient-reportedoutcomes
scores reached statistical significance (p<0.001).

Discussion

Hip arthroplasty in the setting of degenerative joint dis-
ease and retained instrumentation or proximal femoral
deformity can be complex. While THA remains the most
common treatment strategy, several studies have noted
the difficulty of conventional THA in this setting, and
available outcomes data confirm sobering results.6–15

Mortazavi et al discussed results from 11 studies of
patients with prior hip instrumentation who converted
to THA and found dislocation rates of up to 20% and
reoperation rates ranging from 4 to 18%.10 To our knowl-
edge, this study evaluates the largest series in the litera-
ture of metal-on-metal HRA for patients with retained
femoral instrumentation or proximal femoral deformity
that would have complicated standard THA. This series

includes 23 HRA patients with mid-term follow-up (me-
dian: 5.03 years); none of the patients in this series had
intraoperative complications, all patients demonstrated
significant improvements in postoperative outcomes
measures, and metal ion levels were all within previously
established expected limits of 7 ppb.21 At final follow-up,
no patients had undergone revision of their index HRA.

These findings are in line with prior studies on HRA in the
setting of deformity or retained implants in the proximal
femur. Mont et al described 15 HRA patients with a mean
follow-up time of 3 years who had retained implants or
proximal femoral deformity and received the Conserve Plus
prosthesis.20 They similarly demonstrated excellent postoper-
ative outcomes and only one patient required
reoperations, secondary to falls over a year postoperatively
and subsequent periprosthetic fractures requiring additional
surgery. Pritchett reported no dislocations, periprosthetic
fractures, dislocations, and infections in 61 patients receiving
HRA with a metal-on-polyethylene bearing, with retained
implants that would complicate THA.19 A case series of three
patients similarly found that HRA provided excellent pain
relief without complications, precluding the need for hard-
ware removal after operative reduction and internal fixation
proceduresdue toproximal femoral fractures.22Another study
investigating patients who underwent HRA for hip arthritis
and deformity due to LCP and SCFE found excellent implant
survival and clinical functional outcomes, aligning with our
findings that patientswith retained implants for childhoodhip
disease can also achieve favorable outcomes.23

Fig. 1 (A) Preoperative anteroposterior (AP) pelvis radiograph can visualize the degenerative hip joint and the migrated femoral pins. (B)
Preoperative lateral hip radiograph assesses the articular surface of the femoral head. (C) Postoperative 3-month AP pelvis radiograph
demonstrates a Birmingham Hip Resurfacing implant in appropriate positioning. (D) Postoperative cross table lateral radiograph visualizes
implant positioning and acetabular anteversion. HRA, hip resurfacing arthroplasty.
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Fig. 3 Preoperative images demonstrated extensive femoral deformity and several retained broken intramedullary screws in the setting of a
childhood femoral deformity and over 20 prior operations. The patient underwent HRA without deformity correction or hardware removal, with
a Harris Hip Score of 90 at most recent 8-year follow-up. HRA, hip resurfacing arthroplasty.

Fig. 2 Preoperative images demonstrated partial hardware removal of a McLoughlin nail and plate implant, which had been implanted 30 years
previously after a skiing injury for a peritrochanteric fracture. Notably, hardware removal, which was performed at an outside center many years
prior to HRA, consisted of cutting the plate and retaining a portion of the implant. THA in this setting would require not only at least partial
removal of hardware, including of an intraosseous lateral plate, but also appropriate implant selection and implantation to address residual
femoral deformity. The patient underwent uncomplicated HRA without removal of hardware, with a Harris Hip Score of 100 at most recent
follow-up at 9.4 years. HRA, hip resurfacing arthroplasty; THA, total hip arthroplasty.
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Regarding technical considerations of HRA in this setting,
all patients in this series underwent surgery with an experi-
enced surgeon who performs HRA regularly through a
posterior approach. In some cases, partial hardware removal
may be possible to facilitate HRA expeditiously, and in
addition to implant-specific removal tools, a midas rex
burr can be helpful in this setting. If there is a concern for
avascular necrosis, cancellous reamings can be used to bone
graft small defects or cysts in the femoral head prior to
femoral component implantation. Of note, the absolute
lowest head size in our cohort were 46mm BHR femoral
heads, used in two patients. A 2014 International Consensus
meeting determined that femoral head sizes <46mm were
contraindications for HRA regardless of gender and age.24

Otherwise, the coverage angle of the implant may not be
large enough to avoid edge wear.

Furthermore, given the severityof case complexity encoun-
tered in this series, some patients required a deviation from
routine cup exposure or central guide pin placement. Specifi-
cally, for patient who had remote childhood femoral head
pinning, had one pin in a position thatwouldpreclude optimal
central pin placement, and this pin was visible and a cannu-
lated drill was used to over-drill this pin like a trephine, to
facilitate partial hardware removal. Another patient had cere-
bral palsy with severe preoperative contractures with the
native hip held in a flexed and adducted position, which
required extensive releases off the ilium for acetabular expo-

sure and was later positioned supine for flexor and adductor
releases, to improve hip range of motion. It should be noted
that while this patient’s postoperative course was uncompli-
catedand theydidnotdevelop instabilityormetallosis, there is
limited literature to guide the results of HRA in the cerebral
palsy population and it is possible that in this patient popula-
tion, inadequate dynamic stabilizers or underlying spasticity
could potentially increase incidence of these complications.

The majority of cases in this series utilized a BHR implant,
with the ReCap implant system used for a minority of cases.
Implant choice was at the discretion of the operating surgeon,
and typically a ReCap implant system was used if there was a
potential concernabout thesizingavailable for theBHR implant.
These two implant systems have slight differences in the
dimensions and lengths of their femoral stems, and familiarity
with these subtleties can help guide femoral component place-
ment to avoid conflict between the femoral stem and retained
instrumentation in thefemoralneck (►Table 3).Whileoff-label,
the senior author has also shortened the femoral stem by a few
millimeters in a custom fashion intraoperatively to facilitate
implantation in certain cases. It should be noted that in the
setting of severe deformities, corrective osteotomies may be
required to optimize hip biomechanics and a preoperative
infectious work-up should be obtained whenever clinical con-
cern for infection is present. In the case that a surgeon encoun-
ters potential concerns regarding version abnormalities, CT
imaging or Budin views can be obtained preoperatively for

Table 2 Median (IQR) of Preoperative and Postoperative patient reported outcomes

Preoperative score Postoperative score Change p-Value

LEAS 9.50 (8.25–11.00) 13.00 (9.25–13.00) 2.00 (0.00–3.00) < 0.001

Modified HHS 47.30 (42.35–54.45) 92.60 (92.40–100.00) 48.40 (37.40–54.90) < 0.001

VAS Pain Scale 60.00 (50.00–82.75) 2.50 (0.75–10.00) �50.00 (�40.00 to �59.00) < 0.001

HOOS, JR 52.96 (43.34–64.66) 92.34 (85.26–100.00) 32.95 (28.44–37.56) < 0.001

Abbreviations: HHS, Harris Hip Score; HOOS, JR, Hip Disability and Osteoarthritis Outcome Score for Joint Replacement; LEAS, Lower Extremity
Activity Scale; VAS, Visual Analog Scale.

Fig. 4 Preoperative images demonstrated hip dislocation in the setting of cerebral palsy and multiple prior surgeries including varus
derotational femoral osteotomies 10 years prior. The patient underwent HRA with substantial functional improvements and a Harris Hip score of
86.9 at most recent 7-year follow-up. HRA, hip resurfacing arthroplasty.
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planning purposes. If a corrective osteotomy is required, it is
likely that a THAwould be pursued. In general, HRA should be
avoided in femoral neck nonunions, and the possibility of
intraoperative conversion at the time of surgery to THA should
be planned for and discussed with the patient preoperatively.

This study had several limitations. The overall number of
patients was relatively small, and there was no comparison
group.Giventheuniquenatureof these cases, it shouldbenoted
that not all retained hardware or femoral deformities are equal.
For example, three screws that can be removed in standard
fashion represent a very different proposition than awell-fixed
intramedullary device with significant residual extra-articular
femoral deformity. In this series, we aimed to include only
patients in whom standard THA would be considered signifi-
cantly complex or impossible without challenging hardware
removal, osteotomies, or custom implants. Another limitation is
that postoperative metal testing was only completed for 14
patients. This is mostly due to loss to follow-up, especially if
patients either transferred care to another practice, moved to
another geographic area, and/or labs from other facilities were
not manually uploaded into the electronic medical record.
However, with the available data, postoperative chromium
and cobalt levels fallwithin previously reportedmetal ion levels
in patients with well-functioning long-term metal-on-metal
HRA.18,21,25 Due to the retrospective nature of this study, we
cannot guarantee if the implants were still fully functioning or
required revision since the patient’s last follow-upvisit, thereby
introducing risks of selection bias. Nevertheless, we provide a
uniquecohortofcases thatcan informsurgeonsabout theutility
of HRA in the setting of complex deformity.

Conclusions

Comparedwith revisionTHAprocedures, HRA is a viable option
for patients with significant proximal femoral deformity and
retained instrumentation. All subjects who completed patient-
reported outcome surveys at follow-updemonstrated improve-

ments from baseline scores, and all metal ion test results fell
within acceptable limits. Thus, this case series demonstrates
excellent results at mid-term follow-up can be achieved utiliz-
ing this strategy in this complex patient population.
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