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Risk Factors and Outcomes Associated with
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Hip Arthroplasty for Osteonecrosis of the
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Background: Young age in osteonecrosis of the femoral head (ONFH) demands bone-preserving, short-stem arthroplasty. Several
designs including neck-preserving stems and neck-resecting, shortened, standard stems are classified as short stems. There is a
paucity of literature investigating risk factors and outcomes of intraoperative complications of neck preserving, short-stem arthro-
plasty in ONFH.

Methods: A total of 107 hips operated with METHA short-stem arthroplasty for ONFH were retrospectively evaluated. The mean
age of patients was 43.7 years (range, 27—60 years). Nine patients had an intraoperative fracture. Seven hips received prophylactic
cerclage wiring for poor bone quality. Patients were invited for clinical and radiological evaluation at the latest follow-up.

Results: The mean follow-up of patients was 47.2 months. Significant association with intraoperative fractures and the need for
prophylactic cerclage wiring were found in steroids-, alcohol-, and chronic renal failure-induced ONFH. However, patient sex, body
mass index, traumatic/idiopathic ONFH, previous implant in situ, prosthesis size, and single-sitting bilateral total hip replacement
(THA) were not the risk factors. All hips showed signs of osteointegration at final follow-up. No revision was done during the study
period for any cause.

Conclusions: METHA short-stem THA offers excellent functional and radiological outcomes in ONFH. However, precaution must
be exercised in patients with steroids-, alcohol-, and renal disorders-induced ONFN due to poor bone quality and higher chances of
intraoperative fractures. Also, additional measures such as the use of a high-speed burr and prophylactic cerclage wiring in ONFH
may allow predictable and safe use of short stems.
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Total hip replacement (THA) is an established procedure
with excellent long-term results.” In recent years, it has
been used increasingly in young patients with age less than
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60 years.” By the year 2030, it is estimated that more than
25% of all THA will be performed in patients under the
age of 55.” Young patients beset hip surgeons to think of
bone preserving alternatives in THA for a foreseen revi-
sion surgery.” Short stems were introduced considering
this disquiet.” They are specifically less than 12 ¢cm in
length and are bone-preserving because of the more proxi-
mal anchor and no proximal stress shielding compared to
standard length stems.” Today, short-stem hip arthroplasty
is an accepted procedure with mid-term results compa-
rable to those of standard length THA."*”
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Osteonecrosis of the femoral head (ONFH) is a
common indication for THA in young adults.” It has been
closely investigated because of the historically lower sur-
vivorship of standard length THA in ONFH.”® These out-
comes are blamed on the disease pathophysiology leading
to inferior bone quality and altered bone metabolism up to
the metaphyseal region of the proximal femur.”'” The ad-
vances in material and manufacturing process of implants
in the last two decades led to comparable results and
similar survivorship of standard length THA in ONFH
compared to other indications."” Even though the young
age in ONFH demands short-stem arthroplasty, anchor-
ing the short stem within or close to the pathological bone
may affect osteointegration and survival of prostheses.**'”
Several designs including neck-preserving stems and
neck-resecting, shortened, standard stems are classified as
short stems.” They have encouraging outcomes in terms
of function and mid-term survival.***'? However, there
is a paucity of literature investigating specific risk factors
and outcomes of intraoperative complications of neck-
preserving short stems in ONFH.*'? Therefore, this study
was proposed to evaluate METHA neck-preserving stem
(Aesculap AG, Tuttlingen, Germany) for THA in terms of
complications, functional outcome, and survival.

METHODS

This retrospective study reviewed the clinical and ra-
diological outcomes of THA with METHA short-stem
prostheses in young patients with ONFH. The study was
approved by the Institutional Ethics Committee of All
India Institute of Medical Sciences (IEC-62/09.03.2018,
RP-18/2018) and followed the most recent version of the
Declaration of Helsinki.

Between November 2013 and December 2016, 127
patients were implanted with METHA short stems in
our institute for secondary arthritis of the hip joint. Out
of these, 87 patients (107 hips) with age < 60 years, pre-
operative diagnosis of an ONFH, minimum 36 months
follow-up, and consent to participate were included in the
study. The desired data were collected from institutional
arthroplasty register, and patients were invited for a clini-
cal and radiological examination at the latest follow-up.
The cohort included 52 men and 35 women. There were
20 patients (23%) with bilateral THA and 67 patients
(77%) with unilateral THA. The mean age of patients
was 43.7 years (range, 27-60 years; standard deviation
[SD], 9.2 years). The mean body mass index (BMI) of the
study population was 24.9 (SD, 3.1) with 41% patients
being overweight (BMI, 25-29.9 kg/m®) and 3% patients

obese (BMI > 30 kg/m®). Twenty-nine patients (33.3%)
had steroid-induced ONFH, 11 patients (12.6%) had an
alcohol-induced ONFH, 19 patients (21.8%) had an idio-
pathic cause, and 27 patients (31%) had traumatic ONFH
while 1 patient had ONFH secondary to chronic renal
failure (CRF). The causes with underlying grossly abnor-
mal metabolic changes'"” leading to marked osteoporosis
and poor remodeling potential, viz., alcohol-, glucocorti-
coids-, and CRF-induced ONFH, were included in group
I, which had 41 patients (47.12%). Group II included idio-
pathic and traumatic causes of ONFH and had 46 patients
(52.88%). Traumatic ONFH was secondary to the neck of
femur fracture and posterior dislocation of the hip in 18
patients (20.7%) and 9 patients (10.3%), respectively.

All patients received mono block partial neck-re-
taining cementless METHA stem. The cases were operated
by the senior surgeon (RM) using the posterior approach
to the hip. In hips with posttraumatic ONFH, a bone burr
was used to create a legit track for femur prostheses by
removing sclerotic bone in the neck region and/or neo-
cortex around the implant in the metaphyseal area. Eight
hips had cannulated cancellous screws in situ, and 1 hip
had a dynamic hip screw with a side plate in situ for the
neck of femur fracture fixation in the index surgery. The
implant was removed after a hip dislocation to facilitate
easy removal of the femoral head from the acetabulum. In
a hip with dynamic hip screw, the side plate was cut below
the shoulder region with a metal-cutting high-speed burr
to remove the plate barrel and lag screw. The side plate
was retained to avoid stress risers created by empty screw
tracks.

The criteria for prophylactic wiring of the calcar
region with a monofilament stainless steel wire before
placement of METHA stem was hips with a history of core
decompression or osteosynthesis, leading to sclerosis or
neocortex formation in the femoral neck with poor cor-
ticomedullary differentiation, a large metaphyseal and/
or femoral neck cyst with sclerotic margins, and hips with
grossly thin bony cortices of the femoral neck.

The intraoperative femoral fracture was defined as
any break in the continuity of bone in the proximal femur
that happened during preparation or implantation of the
femoral prostheses. The low-grade fracture was defined as
a linear unicortical nondisplaced fracture line above the
lesser trochanter, and the high-grade fracture was defined
as a unicortical nondisplaced fracture line extending be-
low the lesser trochanter. All intraoperative femoral frac-
tures with stable femoral prostheses were managed with
cerclage of the proximal femur with monofilament stain-
less steel wires. The patients were allowed to walk with
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assistance on the day of surgery. They followed a standard
physiotherapy protocol till discharge. Weight-bearing was
delayed for 6 weeks in hips with cerclage wiring.

At the latest follow-up, the clinical evaluation in-
cluded documentation of symptoms and signs related
to operated hips and functional assessment using Harris
Hip Score (HHS). Radiological evaluation was done on
anteroposterior and lateral radiographs of the operated
hip, which were evaluated for component positioning,
osteointegration, subsidence, aseptic loosening, and in-
fection. Femoral component fixation (osteointegration)
was assessed by observing bone ingrowth and trabeculae
development in Gruen’s zones around the prostheses as
described by Engh et al.'” Stem subsidence/loosening was
defined as femoral component axial sinking > 2 mm or a
varus/valgus shift of more than 3°."”

Statistical Analysis

The data were entered in Excel and analyzed using Stata
ver. 15.2 (Stata Corp., College Station, TX, USA). Mean
(SD) and frequency (percentage) were calculated as appro-
priate. Paired ¢-test was used to compare HHS at various
follow-up assessments with the baseline scores, as well as
with previous visit scores. HHS was compared across pa-
tients with group I and group II causes and across sex us-
ing t-test. Association with risk factors for cerclage (none,
prophylactic, and intraoperative fracture) during THA
were assessed using analysis of variance (ANOVA) and
Fisher’s exact test, followed by post-hoc comparisons using
Scheffe test (after ANOVA) and using logistic regression
with post-estimation pairwise comparisons of marginal
linear predictions (after Fishers exact test). A p < 0.05 was
considered statistically significant.

RESULTS

The average follow-up of patients was 47.2 months (range,
36-70 months; SD, 7.9). The function improved from a
mean preoperative HHS of 58.22 (SD, 4.48) to 95.93 (SD,
2.25) at the final follow-up. No significant difference was
found in HHS of patients with atraumatic ONFH (mean,
94.4; SD, 1.7) and traumatic ONFH (mean, 94.7; SD, 1.7)
at final follow-up (p = 0.67).

The femur was classified as per Dorr type on pre-
operative radiographs: type A was observed in 79.3% hips
and type B was in 20.7% hips. No hip was Dorr type C.
The mean postoperative leg length discrepancy was 0.8
mm (range, 0—4; SD, 1.3 mm). No patient had more than
10 mm limb length difference in the postoperative period.
The femoral prosthesis alignment was also observed in

postoperative radiographs: 4 patients (4.6%) had valgus
placement of the prosthesis, and all were operated for
posttraumatic ONFH. At the latest follow-up, all femoral
prostheses showed signs of osteointegration with the host
bone (Fig. 1). There was no radiographic evidence of stem
subsidence or migration. Also, no dislocation or surgical
site infection was observed during the study period.

Risk of Cerclage Wiring and Associated Factors
Sixteen patients received cerclage wiring during surgery: 9
patients had an intraoperative fracture whereas 7 patients
received prophylactic cerclage wiring for poor bone stock.
After analyzing demographic factors, etiology and surgical
factors, both prophylactic cerclage wiring and intraopera-
tive fracture were found to be associated with group [, i.e.,
ONFH secondary to alcohol, steroids and renal disorders
(p =0.002) (Table 1). No association was found with sex (p
= 0.647), femoral prostheses size (p = 0.272), presence of
implant in posttraumatic ONFH (p = 0.359), single sitting
bilateral THA (p = 0.890), Dorr type (p = 0.775), and stem
alignment (p = 0.082). On post-hoc analysis, BMI was also
not found to be associated with prophylactic cerclage wir-
ing (p = 0.842) and intraoperative fracture risk (p = 0.612).

In the hips with intraoperative fractures, 8 had low-
grade femoral split and 1 had a high-grade femoral split of
the calcar region. All patients were managed by cerclage
wiring of the calcar region only.

The prophylactic cerclage wiring of the proximal
femur was done before the beginning of femoral canal
preparation to prevent an intraoperative split/fracture. No

Fig. 1. (A, B) Radiographs showing signs of osteointegration mainly in
Gruen zones 2, 6, and 7. Bone remodeling and trabeculae formation could
be observed in the metaphyseal region.
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Table 1. Risk Factors of Cerclage Wiring of the Femur During Short-Stem Total Hip Arthroplasty

Reason for cerclage

Yariable No Prophylactic Intrfa:ggteurfetive Total A
Sex 0.648%
Female 27 (38) 3(42.9) 5 (55.6) 35(40.2)
Male 44 (62) 4(57.1) 4(44.4) 52 (59.8)
BMI (kg/m?) 250+3.1(n=71) 223+34(n=7) 261+27(n=9) 249+3.1(n=87) 0.040"
BMI 0.497*
Normal 33(46.5) 4(57.1) 4(44.4) 41 (47.1)
Underweight 1(1.4) 1(14.3) 0 2(2.3)
Overweight 34.(47.9) 2(28.6) 5 (55.6) 41 (47.1)
Obese 3(4.2) 0 0 3(3.4)
Etiology 0.127*
Atraumatic 46 (64.8) 7(100) 7(77.8) 60 (69)
Traumatic 25(35.2) 0 2(22.2) 27 (31)
Etiology 0.002*
Group | 28(39.4) 7(100) 6 (66.7) 41 (47.1)
Group Il 43 (60.6) 0 3(33.3) 46 (52.9)
Bilateral operated 0.890*
No 55(77.5) 5(71.4) 7(77.8) 67 (77)
Yes 16 (22.5) 2(28.6) 2(22.2) 20 (23)
Previous surgery implant 0.360*
No 64 (90.1) 7(100) 7(77.8) 78(89.7)
Yes 7(9.9) 0 2(22.2) 9(10.3)
Dorr type 0.775*
Group | 57(80.3) 5(71.4) 7(77.8) 69 (79.3)
Group Il 14(19.7) 2(28.6) 2(22.2) 18(20.7)
Short stem size 1.5+15(=71) 24+£15(n=7) 1.7+16(=9) 1.6+1.5(n=87) 0.272'
Stem alignment 0.082*
Neutral 69(97.2) 7(100) 7(77.8) 83(95.4)
Valgus 2(2.8) 0 2(22.2) 4(4.6)

Values are presented as number (%) or mean + standard deviation.
BMI: body mass index, Group I: alcohol, glucocorticoids, and renal disorder-induced osteonecrosis, Group II: idiopathic and traumatic osteonecrosis.
*Fisher's exact test. 'Analysis of variance.

difference was found in the functional outcome (HHS) of  tion, or implant breakage till the latest follow-up.
patients with or without cerclage wiring (Fig. 2). No pa-
tient was revised for subsidence, aseptic loosening, infec-
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Fig. 2. Functional outcome assessed using Harris Hip Score. Similar trends
of improvement were observed in patients with and without cerclage
wiring of the proximal femur.

DISCUSSION

Hip arthritis secondary to ONFH is a common indica-
tion for THA.? It usually affects patients in the third to
fifth decade of life.”” In young patients, an ideal THA
should preserve bone stock for inevitable future revision
surgery.” This led to the development of bone-preserving,
short-stem arthroplasty. Short stems are less than 12 cm
in length and bone-preserving because of the more proxi-
mal anchor compared to that of standard length stems.”
They are classified into neck-containing designs (CUT
stem, ESKA Implants, Lubeck, Germany), partial neck-
containing designs (METHA stem, BBraun, Aesculap,
Tuttlingen, Germany; NANOS stem, Smith and Nephew,
Marl, Germany), and neck resection designs (shortened
standard stems with diaphyseal anchorage, e.g., TriLock
stem, DePuy Synthes).”” METHA stem follows the par-
tially retained neck to restore the anatomical hip center
and anchors primarily in the metaphyseal region (Fig. 3).”
However, the philosophy and design of this type of stem
have been questioned in patients with ONFH.? There is
histological evidence that ONFH not only involves the
intracapital region but may also extend into the neck and
metaphyseal region.”'” So, placing the implant within or
close to the pathological bone may lead to faulty osteoin-
tegration and early aseptic loosening.”” These concerns
were confirmed to be unfounded in the present study, and
we observed satisfying signs of osteointegration around
the stem in zones described by Gruen. A possible expla-
nation to good primary fixation and osteointegration is

Fig. 3. Anatomical restoration of the hip center with METHA short-stem
arthroplasty. (A) The long axis of neck meeting the center of femoral head.
(B) Short stem following femoral neck to restore the hip center.

the biconical implant design and anatomical restoration
of the hip, leading to circumferential and physiological
loading of the proximal femur.*® Studies have also shown
excellent results of METHA stem in terms of osteointegra-
tion.***'” However, in the present study, cerclage wiring
during THA was required for intraoperative fractures and
poor bone quality in a significant number of patients. Sev-
eral researchers have documented gross quantitative and
qualitative deterioration of bone in the proximal femur
due to osteonecrosis.”'*'*'¥ Gruner and Heller'® in their
article on patient selection for short stems advocated in-
traoperative assessment of the bone quality of the femoral
ring after neck osteotomy to determine the indication for
the use of a short stem. Many surgeons have proposed
weak structural bone as a contraindication for primarily
calcar loading short stems.*'*' In the present study, the
bone defect was found more profound in ONFH second-
ary to steroids, alcohol and renal pathologies, and patients
received the METHA stem irrespective of bone quality.
Cerclage wiring of the calcar region was done to augment
support to the implant during initial stages of osteointe-
gration (Fig. 4). Use of cables and wires is a common and
well-documented method for intraoperative fracture man-
agement during THA.”” But there are only biomechanical
and cadaveric studies investigating the role of prophylactic
wiring during primary THA. Nwankwo et al.”” in their
biomechanical study showed that the prophylactic cerclage
of the proximal femur increases hoop resistance, decreases
strain across bone during femoral broaching of THA, and
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Fig. 4. Cerclage wiring of the proximal femur. (A, B) Prophylactic wiring of
the proximal femur to prevent an intraoperative fracture due to poor bone
quality. Signs of osteointegration could be observed around the femoral
prosthesis.

plays a clinical role to reduce intraoperative fractures.
Similarly, Herzwurm et al.”” and Waligora et al.”” in their
cadaveric studies found prophylactic wiring increases not
only hoop stress resistance to reduce intraoperative frac-
tures during THA but also rotation and energy to failure
in well-fixed press-fit femoral implants to minimize the
risk of early periprosthetic fracture. Good radiological and
functional outcomes in the present study advocate the use
of prophylactic cerclage wiring in hips with poor bone
stock as a viable option to offer bone-preserving benefits
of short stems in young adults.

Posttraumatic AVN poses a surgical challenge in
THA due to the presence of implants used in the index
surgery. Cannulated cancellous screws and dynamic hip
screws with the plate are commonly used implants for
the neck of femur fractures in adults. Screw tracks with
surrounding sclerotic bone increase chances of via falsa
placement of short stems.” In the present study, we found
assiduous use of a high-speed burr useful in the sclerotic
bone area of the metaphyseal region to create a legit track
for a prosthesis. Also, the use of short stems in posttrau-
matic osteonecrosis allowed us to retain implants pres-
ent in the diaphyseal region and prevent the necessity of
longer prostheses to bypass the implant region to avoid
stress risers (Fig. 5). Limitations of the present study are
the small cohort size and the retrospective study design.
The study may be underpowered to find the association in
cerclage wiring during THA with other demographic and
surgical factors of patients.

Fig. 5. Short-stem arthroplasty in posttraumatic arthritis. (A, B) Preope-
rative radiographs showing right hip arthritis with an implant in situ.
(C, D) Side plate of a dynamic hip screw cut below the shoulder region
to remove lag screw. Proximal two screws were also removed to acco-
mmodate the short stem.

To conclude, METHA short-stem THA offered
excellent functional and radiological outcomes in both
atraumatic and traumatic ONFH. However, precaution
must be exercised in patients with steroids-, alcohol-, and
renal disorders-induced ON due to poor bone quality and
higher chances of intraoperative fractures. Also, additional
measures such as the use of a high-speed burr and prophy-
lactic cerclage wiring in ONFH may allow predictable and
safe use of short stems.
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