Li et al. BMC Musculoskeletal Disorders (2022) 23:1024
https://doi.org/10.1186/512891-022-05995-2 BMC Musculoskeletal

Disorders

. : : ®
Favorable revision-free survivorship G

of cemented arthroplasty following failed
proximal femoral nail antirotation: a case series
with a median follow-up of 10years
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Abstract

Background: Given the ever-increasing rate of failure related to proximal femoral nail antirotation (PFNA), it is
expected that an increasing number of PFNA individuals will undergo conversion to total hip arthroplasty (THA). The
long-term survivorship of conversion of the initial PFNA to cemented THA is still debated. The aim of this retrospective
study was to assess the long-term revision-free survivorship of cemented THAs after initial failures of PFNA in geriatric
individuals.

Methods: Consecutive geriatric individuals who underwent secondary cemented THA after initial PFNA fixation from
July 2005 to July 2018, were retrospectively identified from three medical centres. The primary outcome was revision-
free survivorship estimated using the Kaplan-Meier method and Cox proportional hazards regression with revision
for any reason as the endpoint; secondary outcomes were functional outcomes and key THA-related complications.
Follow-ups occurred at 3months, 6months, 12 months and then every 12 months after conversion.

Results: In total, 186 consecutive patients (186 hips) were available for study inclusion. The median follow-up was
120.7 months (60-180 months) in the cohort. Kaplan—-Meier survivorship with revision for any reason as the end point
showed that the 10-year revision-free survival rate was 0.852 (95% confidence interval [Cl], 0.771-0.890). Good func-
tional outcomes were seen, and the HHS decreased markedly over the 24th month to the final follow-up interval from
92.2to 75.1 (each p<0.05). The overall rate of key THA-related complications was 16.1% (30/186).

Conclusion: Cemented THA executed following initial PFNA failure may yield satisfactory revision-free survival and,
at least for the initial 10years after conversion, good functional outcomes and a 16.1% complication rate of key THA-
related complications, which supports the trend towards increased use of cemented THA.
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Background

Implant failure secondary to proximal femoral nail anti-
rotation (PFNA) is a disabling complication of hip sur-
gery [1-3]. Patients with failed PFNA are frequently
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[4, 5]. Evidence-based best practice [6, 7] shows that
THA is an expected solution to manage a failed PFNA,
as it has reliable clinical outcomes and allows early reha-
bilitation and functional recovery, yet distrust remains as
to a cemented or uncemented THA to apply in attempts
to achieve superior clinical outcomes. With the burden
of conversion to THA predicted to climb at a tremen-
dous rate with the aging of the population, the survival of
conversion of the initial PFNA to THA has been a grow-
ing concern [1, 8, 9]. This concern is further animated
by the fact that the conversion to THA exposes patients
to a leading challenge on the femur side, particularly
when extensive bone loss and/or fractures occur [10].
Under such conditions, cemented THA may contribute
significantly to enhancing hip stability and improving
wear-resistant bearings [10, 11]. Patients experiencing
cemented THA may achieve long-term prosthetic sur-
vival, as concerns related to prosthesis dislocations have
been moderated with the application of larger-diameter
heads and enhanced ligament patch-up methods [12, 13].
Previous studies [1, 14] note that the type of femoral
prosthesis should be determined according to the lateral
mass of the femur and the shape of the medullary cav-
ity in salvage hip replacement. However, due to the hard-
ening of the proximal femur and medullary cavity after
removal of the intramedullary nail, it is difficult to anchor
the bone cement into the bone bed of the femur and to
form a more uniform cement sheath around the femo-
ral stem, which can result in early fracture and failure
of the bone cement sheath and increase the incidence of
cement-related complications. In recent years, with the
improvement of biological hip prostheses in surface coat-
ing treatment and stem design, the use rate of biological
femoral stems in salvage hip replacement has gradually
increased [15, 16]. However, for patients with severe
osteoporosis or older than 70years, cemented femoral
stems may be more likely to be chosen by clinicians [1].
To date, there is a deficiency in data related to the long-
term survival of cemented THA following initial PFNA
failure. In addition, no consensus has been reached on
the effect of conversion on the long-term survival of
cemented THA. With this background, we retrospec-
tively reviewed patients who experienced a conversion
of primary PFNA to cemented THA to estimate the
long-term revision-free survivorship of cemented THAs
and to determine whether this conversion has improved

Table 1 Product details of implants
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long-term prosthesis survival in geriatric individuals. We
hypothesize that conversion to cemented THA would be
a satisfactory salvage procedure.

Materials and methods

Study population

Data on a consecutive cohort of individuals who experi-
enced cemented THA after PENA failure between July
2005 and July 2018 were retrospectively identified from
three medical centres (Wuhan Fourth Hospital; The Affil-
iated Hospital of Jiangnan University; The First Affili-
ated Hospital, Sun Yat-sen University). The indication for
conversion to cemented THA consisted of helical blade
cutout and perforation, main nail breakage, and nonun-
ion. The product details of PFNA and cemented THA
are shown in Table 1. The surgical procedure and the
postsurgical rehabilitation programme were in accord-
ance with previous studies [1, 8, 9]. Comorbidities were
assessed using the Charlson comorbidity index (CCI).
Key exclusion criteria included unclear or deficient base-
line data (i.e., unclear brand of prosthesis or cement,
uncertain surgical indications), less than 5years of follow-
up, bilateral THA, conversion secondary to hip infection,
osteomyelitis of the femur on the affected side, inability
to ambulate independently after conversion to cemented
THA and the reason for inability to ambulate indepen-
dently being unrelated to conversion THA (i.e., medical
problems, spinal disorders, ageing frailty), hip dysplasia
(i.e., developmental dysplaisa of the hips), hemiplegia of
the affected limb caused by stroke, sequelae of injury to
nerve of the lower limb, poliomyelitis, spinal cord injury,
Injury Severity Score>16, cancer, an American Society
of Anesthesiologists (ASA) physical status of 4 or 5, and
psychiatric disorder.

Surgical procedures

The conversion to cemented THA was executed at every
medical centre by 4-5 high-volume surgeons using the
manufacturer’s instructions and recognized technical
recommendations, as reported in previous studies [17,
18]. All surgeries were carried out through a transgluteal
lateral approach. A third-generation cementing tech-
nique was used during the cemented THA procedure.
The position of the bioresorbable distal cement restric-
tor was set beyond the distal screw hole from the PENA
extraction. Using a cement gun and digital pressure, we

Stem Cup

Cement type PFNA

Cemented THA(n = 186) Charnley® Chamleyb

Palacos-type cement Synthes, Solothurn, Switzerland

2 Zimmer, Warsaw, Indiana; ®a nonmodular head with a cemented full polyethylene acetabular socket. PFNA: proximal femoral nail anti-rotation
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retrograde filled bone cement into the femoral marrow
cavity to achieve clear penetration into the cancellous
bone. The distal screw hole was bridged by the stem and
distal cement mantle at an adequate length.

Outcomes and variables

The assessment of baseline data was conducted by
reviewing electronic medical records and follow-up
reports. Primary surgeries and subsequent conversions
were well documented. The primary outcome was revi-
sion-free survivorship estimated with the Kaplan—Meier
method and Cox proportional hazards regression with
revision for any reason as the endpoint. Revision was
defined as the removal or exchange of at least 1 of the
components [19]. The secondary outcomes comprised
functional outcomes measured by Harris Hip Scores
(HHS) and key THA-related complications (stem loos-
ening, femoral fracture, and recurrent dislocation). Stem
loosening was defined according to previous reports
[20, 21]. Patients who were functioning were defined as
having a functional score of 72 or greater. Follow-ups
occurred at 3months, 6 months, and 12 months and then
every 12months after conversion until the end of the
study or death.

Statistical analysis

Analyses were based on clinical data and patient follow-
up during the study period. For categorical variables, the
counts (N) and percentages (%) were expressed. For con-
tinuous variables, the mean=+SD (standard deviation)
or median (range) was described, and comparisons of
functional outcomes between the follow-up time points
were performed with Student’s t-test. The type 1 error
(alpha) was set at 0.05. Follow-up lasted from the date
of conversion to cemented THA until failure or revision
of cemented THA, death, or the end of the follow-up,
whichever came first. Median follow-up was calculated
with the reversed Kaplan-Meier method. Implant sur-
vival at 10years was estimated using the Kaplan—Meier
method with 95% confidence intervals (CIs). The sur-
vival rate was estimated using Cox proportional hazards
regression with revision for any reason as the end point
and with adjustment for age, sex, bone mineral density
(BMD), time to revision, CCI at revision, and ASA physi-
cal status. Data quality was audited by two coauthors
(WY and KL). Statistical analyses were performed with
GraphPad Prism 8.4 (Inc., San Diego) or SAS 9.4 (SAS
Institute, Cary, NC).

Results

From July 2005 to July 2018, a total of 283 consecutive
patients were retrospectively reviewed. Among them, 97
patients were excluded based on our inclusion criteria,

Page 3 of 8

leaving 186 consecutive patients (186 hips) for inclusion
in the study, as shown in Fig. 1. Table 2 shows a detailed
breakdown of the baseline characteristics. Patient age at
the time of index conversion was >70years and < 80years
for 63.4% and > 80years for 36.6% in this cohort. A male
predominance was seen in the overall sample (54.8%,
102/186), which was more prominent among individuals
with high activity levels. Helical blade cutout and perfo-
ration were the most common indications for conversion
to cemented THA, present in 88 of 186 patients, followed
by nonunion in 71 of 186. Only 27 of 186 patients expe-
rienced conversion to cemented THA attributed to main
nail breakage. The mean HHS prior to conversion was
65.0+11.3.

Primary outcome

The median follow-up was 120.7months (60—
180 months) in the cohort. Fig. 2 shows the overall sur-
vival curve for this cohort. Kaplan—Meier survivorship
with revision for any reason as the end point showed that
the 10-year revision-free survival rate was 0.852 (95% CI,
0.771-0.890). Of the 28 patients who underwent revi-
sion THA, 13 had stem loosening, 7 had recurrent dislo-
cation, and 8 had a femoral fracture. The most frequent
indication of revision was stem loosening.

Secondary outcomes

Table 3 presents the long-term follow-up HHS. Fig. 3
provides a long-term trend of the HHS. Functional out-
comes were assessed in 180 patients with at least 10years

From July, 2005 to July, 2018, 283 individuals experiencing a cemented
THA after PFNA failure were retrospectively identified from three medical
centres

Reasons for exclusion (n = 97)

-unclear or deficient baseline data (» = 16)

-less than 5 years of follow-up (n = 3)

-bilateral THA (n = 6)

-conversion secondary to hip infection (n = 7)

-osteomyelitis of the femur on the affected side (n = 11)

-inability to ambulate independently after conversion to cemented THA (n =
8)

-hip dysplasia (n = 5)

-hemiplegia of the affected limb caused by stroke (n = 15)

-sequelae of injury to nerve of the lower limb (n = 1)

-poliomyelitis (n = 1)

-spinal cord injury (n = 4)

-Injury Severity Score > 16 (n=7)

-cancer (n = 4)

-an American Society of Anesthesiologists physical status of 4 or 5 (n = 6)
-psychiatric disorder (n = 3)

| Eligible for final analysis (n = 186)

Fig. 1 Flow diagram presenting the method for the identification of
geriatric patients to assess the long-term survivorship of cemented
THA after initial PFNA failure




Li et al. BMC Musculoskeletal Disorders

(2022) 23:1024

Table 2 Patient characteristics at baseline

Variable

Cemented THA (n=186)

Age (years), no.%
70 <,<80
80 <
Sex, no. %
Male
Female
BMI (kg/m?)
Median (range)
BMD (g/cm?)
Side, n0.%
Left
Right
Time to conversion (months), No.%
<6
>6
CCl at conversion, no. %
Low
Medium
High

118(63.4)
68(36.6)

102(54.8)
84(45.2)

256 (17.9-327)
3814093

105(56.5)
81(43.5)

98(52.7)
64(34.4)
24(12.9)

Indications for conversion to a cemented THA, no. %

Nonunion
Helical blade cutout and perforation
Main nail breakage
ASA physical status, no.%
1
2
3
HHS prior to conversion
Follow-up (months)
Median (range)

71(38.2)
88(47.3)
27(14.5)

49(26.3)
101(54.3)
36(194)
65.0£11.3

120.7(60-180)

THA Total hip arthroplasty, BMI Body mass index, BMD Bone mineral density, CC/
Charlson comorbidity index, ASA American Society of Anesthesiologists, HHS

Harris hip scores
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of follow-up since the index conversion. The trend
of deviation tended to increase from the 24th month
onwards. The HHS in this cohort decreased markedly
over the 24th month to the final follow-up interval from
92.2 to 75.1 (each p<0.05). The HHS failed to illustrate
a significant decline over the 108th month to the final
follow-up interval from 76.3 to 75.1 (each p>0.05). Fig. 4
shows the Kaplan-Meier survivorship with a functioning
score of less than 72 as the endpoint. Table 4 provides an
overview of the key THA-related complications related
to conversion to cemented THAs in the present study.
In this cohort, 28 (15.1%) patients underwent revision
THA, 20 (10.7%) had stem loosening (Fig. 5), 7 (3.7%)
had recurrent dislocation, and 8 (4.3%) suffered a femoral
fracture (Fig. 6). Of the secondary 186 cemented THAs,
one hundred fifty-eight (84.9%) were functioning at the
final follow-up. Of the 158 cemented THAs in living
patients, one hundred twenty-four (78.5%) functioned
with the index components in position at least 10years
after conversion. Of the 186 patients, 30 patients had 35
THA-related complications. The overall complication
rate was 16.1% (30/186).

Discussion

This retrospective multicenter study shows that con-
version to cemented THA may yield satisfactory revi-
sion-free survival, at least for the initial 10years after
conversion, with improved functional outcomes and a
16.1% complication rate of key THA-related complica-
tions. These results confirm that conversion to cemented
THA may contribute to enhancing the stability of the
prosthesis and may remain a salvage procedure in geriat-
ric individuals with failed PFNA.

Consistent with our findings, published data [22, 23]
from the Nordic Arthroplasty Register Association
(NARA) reported more than 90% of 10-year all-cemented
THA survival in individuals aged 65-74 and more than
95% in individuals aged 75 or older. Similarly, a previous
long-term study [20] of 62,305 cemented THAs in the
Norwegian Arthroplasty Register showed that long-term

No. at risk

Cemented THA
Fig. 2 Kaplan—-Meier survival curve with revision for any reason as the endpoint
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of patients

experiencing a
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implant survival was satisfactory for Charnley cemented
THAs and improved significantly over time. An earlier

study [24] of long-term survivorship of 2000 cemented
THAs in 1689 individuals showed that the rate of survi-
vorship with free of revision or removal of the implant

Month(s) after conversion Cemented
THA®
(n=186)
3 84.1+96
6 87765
12 899+63
24 922457
36 878492
48 865+ 8.1
60 844+ 126
72 81.7 £ 135
84 786+ 121
96 773 +142
108 763+£153
120 7594152
Final follow-up 75141438

for any reason as the end point was 86.5%. In addition,
a brand-level study [22] of more than 360,000 patients
experiencing primary cemented THAs showed that the
survival of every brand implant was greater than 89% at
10years and that Charnley cemented THA has a remark-
able survival advantage over time, along with a low risk
of revision. Although the number of comparable stud-
ies based on similar clinical settings is limited, several
reports [25, 26] showed that mechanical enhancement
with cemented THA may not have improved long-term
survival. Although the use of cemented THA may be
associated with low implant survival in geriatric indi-
viduals, their findings are constrained by a small sample

2 Statistically significant values between postoperative functional outcomes and

preoperative functional outcomes. THA Total hip arthroplasty

size and a retrospective design and have not been con-
firmed by randomized controlled trials, and to date, there
is, to our knowledge, no other evidence to support their
conclusion.

Conversion to cemented THA is a complicated and
laborious process, particularly in geriatric individu-
als who rely heavily on rapid recovery of early mobi-
lization with full weight-bearing to combat a range of

100+
80
60
[%)
I
T
404
204
0 1 1 1 1 1 1 I 1 I 1 1 1 1
0 10 20 30 40 50 60 70 8 90 100 110 120 130
Time (months)
Fig. 3 The variation trend of functional outcomes following conversion to cemented THA
= 100
®
>
S 804
=3
2 60
(<]
2 40+
z
S 204
[
o 0
v I I 1 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100 110 120 130
No. at risk Time (months)
Cemented THA 186 186 186 186 186 185 183 171 150 118 86 65 29 5

Fig. 4 Kaplan-Meier survivorship with a functioning score of less than 72 as the endpoint
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Table 4 Key THA-related complications in patients experiencing
cemented THA.

Variable, no.% Cemented
THA
(n=186)
Revision 28(15.1)
Stem loosening 20(10.7)
Recurrent dislocation 7(3.7)
Femoral fracture 8(4.3)

THA Total hip arthroplasty

immobilization-related complications [1, 8, 27, 28]. How-
ever, cemented conversion may be associated with the
femoral component loosening attributed to the combined
axial loads and rotational moments [29]. Stem loosening
can contribute to the failure of cemented THAs [30, 31],
particularly in geriatric individuals with massive bone
loss, although bone cement can, to some extent, enhance
the component anchorage within the bone trabecula and
results in improved functional outcomes with accept-
able complications [32]. To date, limited literature [33,
34] has explored cement-related osteolysis, and there is
no consensus on when it occurs, how long it lasts, and
the extent and scope of its impact on the survival of the
prosthesis. It is possible that cement augmentation for
cemented THA is prone to promoting early mobilization
in individuals with poor bone quality [35]. Nonetheless,
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evidence on the implant-bone stabilizing effect of cement
augmentation is a controversial issue [36—38].

A growing body of evidence [1, 13, 22, 25, 39, 40] sug-
gests that a cemented femur component can resist bone
reconstruction or osteoporosis-induced stem loosen-
ing under the dual action of axial and rotational stresses,
and bone cement can have a positive acceleration effect
on bone cell apoptosis, which in turn leads to an increase
in trabecular spacing, a decrease in bone mass, and the
destruction of the bone reticular structure. Neverthe-
less, it remains uncertain whether bone reconstruction
or osteoporosis-induced stem loosening continues after
conversion to cemented THA or whether there is a posi-
tive correlation between bone reconstruction or osteopo-
rosis-induced stem loosening and bone cement [41, 42],
although previous reports [43, 44] have indicated that
after conversion to cemented THAs, the improvement
in joint stability is largely based on the reduction of oste-
oporosis-induced stem loosening. While not currently
appreciated in some studies [8, 23], supplemental evi-
dence will be indispensable in attempts to define whether
osteoporosis-induced stem loosening is impeded in the
long term with bone cement implantation. Addition-
ally, patients experiencing conversion to cemented THA
should deliberate on cement-related complications and
subsequently the probability of conversion to cemented
THA or balance the impending benefits of the cement
components against the risk of rerevision.

Probability of Survival(%)

v ] ] 1 1

0 10 20 30 40
No. at risk

Time (months)
Cemented THA 186 186 186 186 186 185

Fig. 5 Kaplan—-Meier survival curve with stem loosening as the endpoint

T T T T T T T 1
60 70 80 90 100 110 120 130

182 168 150 126 101 69 35 5

Probability of Survival(%)
3
1

0 T T T T
0 10 20 30 40

No. at risk

Time (months)
Cemented THA 186 186 186 186 186 186

Fig. 6 Kaplan—Meier survival curve with femoral fractures as the endpoint
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Several drawbacks should be recognized in this study.
First and most importantly, this is a retrospective obser-
vational study with inherent shortcomings. Comparison
of implant survival can be influenced by strict inclusion
criteria and surgical characteristics, leading to confound-
ing results. Second, the conclusions may be limited to
the multiformity of the definition and inclusion crite-
ria, the relatively small sample size, and the lack of a
control group. However, given the long-term follow-up
data reported after conversion to cemented THAs, we
believe that the current conclusions have some reference
value for future conversion PFNA, although conclusions
related to causality fail to be inferred. Third, the gener-
alizability of the findings may be lacking since we only
included geriatric individuals aged 70years or older.

Conclusions

This study demonstrated that cemented THA executed
following initial PFNA failure may yield a satisfactory
revision-free survivorship and, at least for the initial
10years after conversion, with good functional outcomes
and a 16.1% complication rate of key THA-related
complications, which may support the trend towards
increased use of cemented THA.
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