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Aims

Periprosthetic fractures (PPFs) following hip arthroplasty are complex injuries. This study
evaluates patient demographic characteristics, management, outcomes, and risk factors as-
sociated with PPF subtypes over a decade.

Methods

Using a multicentre collaborative study design, independent of registry data, we identified
adults from 29 centres with PPFs around the hip between January 2010 and December 2019.
Radiographs were assessed for the Unified Classification System (UCS) grade. Patient and
injury characteristics, management, and outcomes were compared between UCS grades. A
multinomial logistic regression was performed to estimate relative risk ratios (RRR) of varia-
bles on UCS grade.

Results

A total of 1,104 patients were included. The majority were female (57.9%; n = 639), ethni-
cally white (88.5%; n = 977), used mobility aids (67%; n = 743), and had a median age of
82 years (interquartile range (IQR) 74 to 87). A total of 77 (7%) had pain prior to the PPF.
The most common UCS grade was B2 (33%; n = 368). UCS type D fractures had the longest
length of stay (median 19 days (IQR 11 to 26)), highest readmission to hospital (21%; n =
9), and highest rate of discharge to step-down care (52%; n = 23). Multinomial regression
suggests that uncemented femoral stems are associated with a reduced risk of UCS C (RRR
0.36 (95% confidence interval (ClI) 0.2 to 0.7); p = 0.002) and increased risk of UCS A (RRR
3.3 (95% Cl1 1.9 to 5.7); p < 0.001), compared to UCS B fracture.

Conclusion

The most common PPF type in elderly frail patients is UCS B2. Uncemented stems have a low-
er risk of UCS C fractures compared to cemented stems. A national PPF database is needed to
further identify correlation between implants and fracture subtypes.

Cite this article: Bone Jt Open 2023;4-9:659—-667.
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Introduction rapid increase in the burden and incidence

The survivorship of a hip arthroplasty
exceeds 90% at ten years postoperatively.!
An increasing number of total hip arthro-
plasties (THAs) are being performed every
year according to the National Joint Registry
(NJR) for England, Wales, and Northern
Ireland.” Due to this, there has been a recent

of periprosthetic fractures (PPFs) around hip
prosthesis.?* PPFs are associated with 30-day
mortality rates ranging between 3% and 5%,
with similar morbidity and mortality to that
of well-recognized femoral neck fractures.**
The rising incidence of hip PPFs requires
significant economic resources to manage
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them. The mean cost of treating a single PPF around the
hip in a UK teaching hospital is estimated to be £23,469
(range £615 to £223,000).¢

Risk factors associated with the occurrence of hip
PPFs include female sex, age, rheumatoid arthritis, and
osteoporosis.”? Uncemented femoral stems have been
linked with a higher overall incidence of PPFs compared
to cemented implants, while cemented taper slip design
stems are associated with a higher risk of PPF compared
to the cemented composite beam design.' Despite what
is currently known in the literature regarding risk factors,
PPF subtypes vary significantly in their stability and there-
fore appropriate management. Recently, the Unified
Classification System (UCS) was introduced to classify all
possible fracture subtypes around arthroplasties of major
joints.™ This classification system has been shown to have
excellent inter- and intraobserver agreement.'?

Little is currently known about the characteristics
and risk factors associated with the different UCS frac-
ture subtypes. Previous cohort studies concluded that
the choice of cemented femoral stem may influence risk
of revision for PPFs, and that the Exeter stem is associ-
ated with a higher risk of type B fractures compared to
the Lubinus stem.™™ Thien et al® investigated implant
design in a large registry-based study, and concluded
that the shape and surface finish of the femoral stem
and its fixation is associated with the risk of PPF. More
recently, Jain et al'® concluded that male sex was asso-
ciated with a reduction in odds of sustaining a UCS C
fracture, while Karam et al'” described a burst and spiral
fracture pattern associated with cemented stems and a
clamshell pattern associated with uncemented stems.
However, most of the studies included a small popula-
tion, accounted for a limited number of covariates in their
analyses, or compared purely cemented stems. To date,
no relationship has been established between UCS frac-
ture grade and femoral stem cementing type (cemented
versus uncemented). In addition, limited information is
available comparing patient demographic characteristics,
outcomes, and uncemented component designs and
their relationship with UCS grade of fracture.

In this study, we aimed to describe the characteristics,
management strategies, and outcomes of the different
UCS fracture grades in hip PPFs. In addition, we evaluated
the patient-, injury mechanism-, and implant-related risk
factors associated with each UCS fracture grades.

Methods

Using a multicentre trainee-led collaborative research
model, we included adult patients who presented with
a PPF between 1 January 2010 and 31 December 2019.
Data were collected from 29 NHS trusts in the UK. Skel-
etally immature patients, iatrogenic intraoperative PPFs,
isolated acetabular fractures, and suspected tumour
cases were excluded. PPFs sustained intraoperatively

were excluded because the majority are managed imme-
diately when recognized.

The study methodology was published prior to
commencing the study.’® Each participating hospital
obtained local trust site governance approval. This study
was registered as a service evaluation. Data collection
was performed through REDCap, an online secure soft-
ware platform that supports data capture for research
studies.’?® A minimum of 80% of data variables must
have been completed by participating sites in order for
data to be accepted for analysis.

Data on patient demographic characteristics, fracture
characteristics, management strategies, and outcomes
were collected retrospectively. The PPF database was
subsequently filtered and only patients with a PPF
involving a total hip arthroplasty (THA) or hip hemi-
arthroplasty were included. The type of femoral stem
implant was categorized by participating sites according
to cementing (cemented versus uncemented), type of
stem, collar, and implant brand. The PPFs were further
assessed via radiographs and categorized according to
the UCS grade. UCS grades were classified as AG (greater
trochanter fracture), AL (lesser trochanter fracture), B1
(fracture around a stable stem), B2 (fracture around a
loose stem, with good bone stock), B3 (fracture around
a loose stem with poor bone stock), C (fracture distal to
the implant and cement mantle), D (fracture between hip
and knee arthroplasties, closer to the hip), and E (fracture
involving the pelvis and femur)." Patients with missing
data on UCS grade were excluded from the analysis.
Statistical analysis. Categorical variables were presented
as totals and percentages. Continuous variables were
presented as means and medians. Patient demograph-
ic characteristics, injury characteristics, type of implant,
management methods, and outcomes were compared
between the UCS grades using chi-squared or Fisher’s ex-
act test for discrete variables, and Kruskall-Wallis or analy-
sis of variance tests for continuous variables. Multinomial
logistic regression models were developed to identify the
correlation between independent variables and the dif-
ferent UCS grades (dependent variables), compared to a
reference outcome defined as UCS grade B. Independent
variables with > 10% missing data were not included in
the regression model. Statistical significance was defined
as p < 0.05. Stata v. 17 (StataCorp, USA) was used to per-
form the statistical analyses.

Results

Patients. Out of 1,667 patients in the PPF study database,
a total of 1,104 patients met the inclusion criteria. Table |
describes the demographic characteristics of this popu-
lation. In summary, the majority were female (57.9%; n
= 639), white in ethnicity (89%), and with a median age
of 82 years (interquartile range (IQR) 74 to 87). The most
common type of fracture was a UCS B (73%; n = 810), of
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Table 1. Study population characteristics.
ucs
Variable Total AG AL B1 B2 B3 C D E p-value
Patients, n (%) 1,104 94 (8.5) 19 (1.7) 337(30.5) 368(33.3) 105(9.5) 136 (12.3) 44 (4) 1(0.1)
Age, years 0.058*
Mean (SD) 80 (10.6) 80(10.2)  84.9(6.0) 79.7(11.6)  79.3(10.3) 79.7(10.3) 81.9(10.3) 81.1(8.7) 84
Median (IQR) 82(74to 81.5(73to 86(85t089) 82(74to 81 (73 to 82 (74 to 83 (76 to 89) 82.5 (80 to 86.5) 84
87) 88) 88) 86) 87)
Sex, n (%) 0.002t
Female 639 (57.9) 49 (52.1) 16 (84.2) 190 (56.4) 196 (53.3) 61 (58.1) 93 (68.4) 33 (75) 1
(100)
Male 465 (42.1) 45(47.9) 3(15.8) 147 (43.6) 173 (47) 43 (41) 43 (31.6) 11 (25) 0
Ethnicity, n (%) 0.495%
White 977 (88.5) 84 (89.4) 18 (94.7) 292 (86.6) 329 (89.4) 91 (86.7) 123 (90.4) 39 (88.6) 1
(100)
Asian 404) O 0 4(1.2) 0 0 0 0 0
Mixed 2(0.2) 1(1.1) 0 0 1(0.3) 0 0 0 0
Black 6(0.5) 2(2.0) 0 0 2(0.5) 0 2(1.5) 0 0
Other 202 0 0 0 2(0.5) 0 0 0 0
Unknown 113(10.2) 7 (7.4) 1(5.3) 41 (12.2) 34(9.2) 14 (13.3) 11 (8.1) 5(11.4) 0
AMTS 0.142*
Mean (SD) 81(2.9) 8.22.7) 6.2(3.1) 8 (3.0) 8.2(2.9) 8.1(2.8) 8.1(3.1) 8.1(2.9) 10
Median (IQR) 10(7to 10(7to10) 7 (3to8) 10(7to10) 10(8to10) 9(8to10) 10(8to10) 10 (7 to 10) 10
10)
ASA grade, n 0.174+
(%)
| 26(24) O 0 12 (3.6) 9(2.4) 4(3.8) 1(0.7) 0 0
I 351 (31.8) 34(36.2) 2 (10.5) 117 (34.7) 118 (32.1) 33(31.4) 32(23.5) 15 (34.1) 0
1] 599 (54.3) 44 (46.8) 16 (84.2) 172 (51) 198 (53.8) 57 (54.3) 86 (63.2) 25 (56.8) 1
(100)
v 109(9.9) 11 (11.7) 0 29 (8.6) 37 (10.1) 11 (10.5) 17 (12.5) 4(9.1) 0
Missing 19(1.7) 5(5.3) 1(5.3) 7(2.0) 6 (1.6) 0 0 0 0
BMI, kg/m? 0.006*
Mean (SD) 26.3 (5.6) 26 (4.9) 22.8 (5) 25.4(5.4) 26.7 (5.4) 26.9 (5.8) 26.7(5.9) 30.3(7.8)
Median (IQR) 25.8(22 26(22to  22(19t027) 25(22to 26 (23 to 26 (22 to 26 (23 to 32 (21 to 38)
to 29) 29) 28) 30) 31) 29)
Missing 411 (37.2) 22 6 131 148 39 39 25 1
Mobility status, < 0.0017F
n (%)
Independent 352(31.9) 20(21.3) 2(10.5) 131 (38.9) 127 (34.5) 39 (37.1) 25(18.4) 8(18.2) 0
Uses stick(s) 381 (34.5) 39 (41.5) 10 (52.6) 110 (32.6) 124 (33.7) 30 (28.6) 47 (34.6) 21 (47.7) 0
Uses frame/walker 331 (30) 31 (33) 5(26.3) 79 (23.4) 112 (30.4) 33 (31.4) 56 (41.2) 14 (31.8) 1
(100)
Wheelchair user 25(2.3) 3(3.2) 1(5.3) 11 (3.3) 1(0.3) 2(1.9) 6 (4.4) 1(2.3) 0
Bed-bound 6(0.5) 0 1(5.3) 2(0.6) 1(0.3) 0 2(1.5) 0 0
Unknown 9(0.8) 1(1.1) 0 4(1.2) 3(0.8) 1(1) 0 0 0
ccl 0.005*
Mean (SD) 4.9(1.9) 4.9(.8) 6.7 (2.5) 4.8(2) 4.8(1.9) 4.6 (1.7) 5.1(1.9) 5.4(1.7) 4
Median (IQR) 5(@4to 4 (410 6) 6 (510 8) 5(41to6) 5(4to6) 5(41t06) 5(4to6) 5(4106.5) 4
6)
Bisphosphonate 167 (15.1) 11 (11.7) 4(21.0) 52 (15.4) 50 (13.6) 7(6.7) 31 (22.8) 12 (27.3) 0 0.007+
use, n (%)

*Kruskal-Wallis test.
TChi-squared test

AMTS, Abbreviated Mental Test Score; ASA, American Society of Anesthesiologists; CCl, Charlson Comorbidity Index; IQR, interquartile range; PPF,

periprosthetic fracture; SD, standard deviation.

which type B2 (33.3%; n = 368) was the most prevalent.
Patients with a UCS AL fracture were older (median age
86 years (IQR 85 to 89)), mostly female (84%; n = 16),

with a lower median AMTS score (median 7 (IQR 3 to 8)),
a higher CCl score (median 6 (IQR 5 to 8)), and lower BMI
(median 22 kg/m? (IQR 19 to 27)) compared to other UCS
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Table II. Periprosthetic fracture characteristics.

ucs
Variable Total AG AL B1 B2 B3 C D E p-value*
Patients, n (%) 1104 94 (8.5) 19 (1.7) 337 (30.5) 368(33.3) 105(9.5) 136(12.3) 44 (4) 1(0.1)
Open fracture, n (%) 10(0.9) 0 0 5(1.5) 3(0.8) 1(1) 1(0.7) 0 0 0.905
Evidence of infection around PPF, 17(1.5) 1(.1) 0 6(1.8) 6 (1.6) 1(1) 3(2.2) 0 0 0.964
n (%)
Pain on hx prior to PPF, n (%) 77 (7) 7(7.4) 0 15 (4.5) 31(8.4) 12 (11.4) 9 (6.6) 3(6.8) 0 0.238
Implant, n (%) 0.068
THA 905 (82) 79 (84) 11 (57.9) 272(80.7) 298 (81) 89 (84.8) 114 (83.8) 41(93.2) 1(100)
Hemiarthroplasty 199 (18) 15 (16) 8 (42.1) 65(19.3) 70(19) 16 (15.2) 22(16.2) 3(6.8) 0
Femoral stem, n (%) < 0.001
Cemented 793 (71.8) 44 (46.8) 9 (47.4) 239 (70.9) 275(74.7) 71(67.6) 118(86.8) 37(84.1) O
Uncemented 299 (27.1) 48 (51.1) 9 (47.4) 95(28.2) 88(23.9) 33(31.4) 18(13.2) 7(15.9) 1(100)
Missing 12(1.1)  2(20) 1(5.3) 3(0.9) 5(01.4) 1(1) 0 0 0
Cemented femoral stems, n
(%) < 0.001
Taper slip 656 (82.7) 28 (66.7)  5(55.6) 213 (91.4) 227 (85) 48 (69.6) 99(86.8) 36(97.3) O
Composite beam 115 (14.5) 14 (33.3) 4 (44.4) 20 (8.6) 40 (15) 21(30.4) 15(13.2) 1(2.7) 0
Composite beam
Type of stem, n (%)
Anatomical sagittal bow 34 (29.6) 6(42.9) 1(25) 1(5) 11 (27.5) 3(14.3) 11 (73.3) 1(100) 1(100) < 0.001
Straight stem 81(70.4) 8(57.1) 3 (75) 19 (95) 29 (72.5) 18(85.7) 4(26.7) O 0
Collared implant, n (%) 47 (40.9) 4(28.6) 2(50) 10 (50) 16 (40) 7 (33.3) 8(533) O 0 0.741
Uncemented femoral stem
Type of stem, n (%)
Proximal loading 240 (83) 41(93.2) 6(85.7) 79 (83.9) 72(81.8) 27(84.4) 11(61.1) 4(66.7) 1(100) 0.157
Diaphyseal loading 44 (15.2) 3(6.8) 1(14.3) 14 (151)  15(17.) 4(12.5) 6(33.3) 1(16.7)
Distally locked 51.7) 0 1(1.1) 1(1.1) 13.1) 1(5.6) 1(16.7)
HA coating of stem, n (%)
No coating 46 (17.5) 7(16.7) 1(25) 12 (14.5) 17 (20.2) 13.7) 6(35.3) 1(20) 1 (100) 0.322
Proximal coated 111 (42.2) 17 (40.5) 1(25) 35(42.2) 35(41.7) 15(55.6) 7(41.2) 1(20)
Fully coated 106 (40.3) 18 (42.9) 2 (50) 36 (43.4) 32(38.1) 11(40.7) 4(23.5) 3(60)
Unknown 36 (12)
Modular stem, n (%) 67 (22.4) 7(146) O 28(29.5) 17(19.3) 5(15.2) 7(38.9) 3(429) 0 0.008
Implant with anatomical sagittal
bow, n (%) 38(12.7) 4(8.3) 1(11.1) 12(12.6) 13(14.8) 309.0) 3(16.7) 2(28.6) O 0.118
Collared implant, n (%) 86 (28.8) 23 (47.9) 5(55.6) 25(26.3) 16(18.2) 11(33.3) 6(333) O 0 < 0.001

*Chi-squared test/Fisher's exact test.

HA, hydroxyapatite; hx, history; PPF, periprosthetic fracture; THA, total hip arthroplasty.

subtypes. BMI was higher in UCS D (median 32 kg/m?
(IQR 21 to 38)) compared to other fracture subtypes (p =
0.006, Kruskal-Wallis test). Bisphosphonate use was more
prevalent in fractures distal to the cement mantle (22.8%
(n=32)in UCS C, 27.3% (n = 12) in UCS D) (p = 0.007,
chi-squared test).
PPF characteristics. Table Il describes the injury and im-
plant characteristics. A total of 77 patients (7%) had pain
prior to presentation, of which 31 (40%) resulted in a B2
fracture. A total of 155 (20%) of cemented femoral stems
resulted in a UCS C or D fracture, compared to 25 (8%)
of uncemented stems. In addition, a higher proportion of
uncemented compared to cemented stems resulted in a
UCS Afracture (19% (n=57) vs 7% (n = 53), respectively).
Of the PPFs involving a cemented femoral stem, taper
slip prosthesis was more prevalent than composite beam

stems (82.7% (n = 656) vs 14.5% (n = 115), respectively).
Overall, 74.3% of taper slip stems (n = 488) versus 70.4%
of composite beam stems (n = 81) resulted in a UCS type
B fracture. The majority of UCS B fractures in composite
beam stems involved a straight stem design (81%; n =
66), while the majority of UCS C fractures in composite
beam stems involved an anatomical sagittal bow design
(73.3%; n = 11). The different brands of cemented stems
did not significantly differ between the UCS subtypes.

A total of 299 (27%) sustained a PPF around an unce-
mented femoral stem. The majority of PPFs involving an
uncemented femoral stem were proximal loading (83%;
n = 240) and proximally coated (42.2%; n = 111). Overall,
75% of PPFs involving a modular uncemented stem
resulted in a UCS B fracture (n = 50), while 15% resulted
in a UCS C or D fracture (n = 10). The highest proportion
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Table I1l. Management of periprosthetic fractures.
ucs

Variable Total AG AL B1 B2 B3 C D E p-value
Patients, n (%) 1,104 94 (8.5) 19 (1.7) 337(30.5) 368(33.3) 105(9.5) 136 (12.3) 44 (4) 1(0.1)
Treatment method, n
(%) <0.001*
Conservative 131 (11.9)  69(73.4) 13 (68.4) 29 (8.6) 1(3) 6(5.7) 2(1.5) 1(23) O
ORIF 585 (53) 17 (18.1) 5(26.3) 268 (79.5) 109 (29.6) 28 (26.7) 123(90.4) 35(79.6) O
Revision arthroplasty 189 (17.1) 3(3.2) 1(5.3) 18(5.3) 113(30.7) 42 (40) 6(4.4) 6(13.6) 0
ORIF + revision arthroplasty 199 (18) 5(5.3) 0 22(6.5) 135(36.7) 29 (27.6) 5@3.7) 2(4.6) 1(100)
Revision with 29 (2.6) 1(1.1) 0 3(0.9) 8(2.2) 12 (11.4) 1(0.7) 4091) o0
endoprosthesis
Time from presentation
to surgery, days
Mean (SD) 4.5(6.6) 7.7(17.5) 4.7 (4.9) 43.9) 5.2(7.6) 4.5(4) 3(3.5) 4.7 (11.5) 3 0.001+
Median (IQR) 3(2to5) 4(Q2to6) 25(1to8) 3(2to5) 4(2to6) 3(2to 6) 2(Tto3) 2(1to4) 3
Speciality of operating
surgeon, n (%) <0.001*
Arthroplasty surgeon 819 (84.2) 23(92) 6 (100) 252 (81.8) 330(92.4) 87 (87.9) 88 (65.7) 33(76.7) O
Trauma/general/other 146 (15) 2(8) 0 52(16.9) 26 (7.3) 12 (12.1) 45(33.6) 8(18.6) 1(100)
Unknown 8(0.8) 0 0 4(1.3) 1(0.3) 0 1(0.7) 24.7) O

*Chi-squared test.
TKruskal-Wallis test.

IQR, interquartile range; ORIF, open reduction and internal fixation; SD, standard deviation.

of collared uncemented stems was seen in UCS A frac-
tures (49%; n = 28).

Management of UCS grades. Table Ill describes manage-
ment methods of the different UCS grades. Most B1 and
C fractures underwent fixation (79.5% (n = 268) and
90.4% (n = 123), respectively), while the majority of B2
and B3 fractures underwent revision arthroplasty (67.4%
(n = 148) and 67.6% (n = 71), respectively). Overall,
29.6% of UCS B2 fractures (n = 109) and 26.7% of UCS
B3 fractures (n = 28) underwent fixation. A total of 29 pa-
tients (3%) underwent revision with an endoprosthesis,
of which 12 (41%) were for a UCS B3 fracture. The mean
time from presentation to surgery was 4.5 days (standard
deviation (SD) 6.6). Patients with a UCS AG fracture had
a longer wait to surgery at a mean of 7.7 days (SD 17.5);
p < 0.001, analysis of variance). The majority of surgically
treated patients were operated on by an arthroplasty sur-
geon (84.2%; n = 819).

Outcomes of UCS grades. Table IV describes outcomes
of the UCS fracture grades. In-hospital mortality did not
significantly differ between fracture subtypes (p = 0.366,
chi-squared test/Fisher’s exact test). The median length of
stay (LOS) was significantly different between the fracture
subtypes (p < 0.001, Kruskal-Wallis test), with the longest
duration of stay seen in UCS D fractures (median 19 days
(IQR 11 to 26)). A total of 72 (6.5%) were readmitted to
hospital within 30 days, with the highest proportion of
readmissions seen in UCS D fractures (20.5%; n = 9).
More than one-third of patients (35%; n = 361) were
discharged to step-down or interim care. The highest

proportion of patients discharged to step-down care was
seen in UCS C fractures (41.4%; n = 53).

Effect of covariates on UCS grade. A multinomial logistic
regression analysis was modelled to evaluate the predic-
tors of UCS subtypes (Table V). The use of mobility aids
was associated with a higher risk of sustaining a UCS type
C fracture compared to a B fracture. The risk of sustain-
ing a UCS type C fracture for wheelchair users is 11 times
that of patients who mobilize independently (RRR 11.7
(95% CI 2.4 to 57.9); p = 0.002). Patients with a hemi-
arthroplasty around which the PPF has occurred are at
a decreased risk of sustaining a UCS type C fracture, rel-
ative to a type B fracture, than patients with a THA (RRR
0.5 (95% CI 0.2 to 0.95); p = 0.037). In addition, unce-
mented femoral stems overall are at a decreased risk of
fractures distal to the tip of the stem, relative to a type B
fracture, than cemented stems. The risk of sustaining a
UCS type C fracture in uncemented stems is 0.36 times
that of cemented stems (RRR 0.36 (95% C10.2t0 0.7); p=
0.002). Uncemented femoral stems were also associated
with an increased risk of UCS A fractures, relative to a type
B fracture, than cemented stems (RRR 3.3 (95% Cl 1.9 to
5.7); p < 0.001). The overall pseudo R2 of the model was
0.22.

Discussion

To the best of our knowledge, this is the largest study
comparing the characteristics between the different
UCS grades of hip PPFs. In general, the majority of our
population are elderly, frail, with similar mortality rates

VOL. 4, NO. 9, SEPTEMBER 2023



664

Table IV. Outcomes.
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ucs
Variable Total AG AL B1 B2 B3 C D E p-value
In-hospital 59 (5.3) 0 1(5.3) 18(5.3) 24 (6.5) 7(6.7) 8(5.9) 1(2.3) 0 0.366*
mortality, n (%)
Total length of < 0.001t
stay (days)
Mean (SD) 22.3(54.9) 16.7 (21.3) 20.9 (32.6) 25.3(93.3) 20(16.6) 22.1(34.7) 26.3(26.3) 209 (15.1) 14
Median (IQR) 14 (9to23) 11 (6t017) 12.5(7t020) 13(9to21) 15(10to 24) 16 (10to 24) 16.5(10to 32) 19 (11 to 26) 14
ssl
postoperatively,
n (%) 0.265*
Superficial 26 (2.7) 0 2(33.3) 10(3.2) 12 (3.4) 1(1) 0 1(2.3) 0
Deep 26 (2.7) 2(8) 1(16.7) 9(2.9) 8(2.2) 2(2) 4(3) 0 0
Dislocation, n (%) 49 (4.4) 4(4.3) 1(5.3) 10 (3) 18 (4.9) 10 (9.5) 2(1.5) 49.1) 0 0.040*
Readmission within 72 (6.5) 8 (8.5) 0 19 (5.6) 26 (7.1) 6(5.7) 4(2.9) 9 (20.5) 0 0.026*
30 days, n (%)
Discharge
destination, n
(%)
Usual place of
residence 683 (65.4) 71(75.5) 14(77.8) 220(69.2) 216 (62.8) 66 (67.4) 75 (58.6) 20 (46.5) 1(100) 0.010*
Sheltered
accommodation 2(0.2) 0 0 1(0.3) 1(0.3) 0 0 0 0
Residential home 59 (5.7) 4(4.3) 0 11 (3.5) 15 (4.4) 4(4.7) 17 (13.3) 8(18.6) 0
Nursing home 102 (9.8) 1 (11.7) 2(11.1) 25(7.9) 27 (7.9) 1 (11.2) 18 (14.1) 8(18.6) 0
Community
hospital 173 (16.6) 8 (8.5) 2(11.1) 51 (16) 73(21.2) 14 (14.3) 18 (14.1) 7 (16.3) 0
Acute hospital 11 (1.1) 0 0 2(0.6) 8(2.3) 1(1) 0 0 0
Hospice 2(0.2) 0 0 1(0.3) 1(0.3) 0 0 0 0
Other 12(1.2) 0 0 7(2.2) 3(0.9) 2(2) 0 0 0
Return to theatre, 22(2) 3(3.2) 1(5.3) 4(1.2) 9(2.5) 0 3(2.2) 2(4.6) 0 0.174*
n (%)

*Chi-squared test.
TKruskal-Wallis test.
IQR, interquartile range; SD, standard deviation; SSI, surgical site infection.

as the neck of femur fracture population, as previously
suggested.?"?2 The most common UCS fracture subtype
in our population was B2, denoting a loose stem with
good bone stock, a finding that is consistent in multiple
other studies.”?*?* Pain prior to sustaining a PPF, which
may possibly correlate with stem loosening, was most
prevalent in patients that sustained a B2 and B3 fracture.
Being aware of the impending risk of fracture in patients
with pain or loose prosthesis is of utmost importance.
Several implant related characteristics, such as
mode of fixation of the femoral stem and stem design,
were significantly different in the various UCS fracture
subtypes. A significant difference was identified between
cemented and uncemented stems in their association
with UCS fracture grade, a finding that has not been
previously reported in other studies. A higher proportion
of cemented femoral stems were present in UCS C and
D fractures, while a higher proportion of uncemented
stems were presentin UCS B fractures. Previous data have
shown that the cumulative probability of a PPF in unce-
mented implants is 1.6% at ten years, increasing to 13.2%

at 29 years after surgery, possibly because uncemented
implants have been implanted for longer in younger
patients and may have been loose prior to sustaining the
PPE.2> For uncemented implants, UCS B fractures were
the most prevalent, followed by UCS A type fractures. For
cemented implants, though UCS B was again the most
prevalent, UCS C fractures were more common than
UCS A fractures. This may be due to differences in stem
geometry and loading mechanisms, as well as poor bone
quality and advanced age in patients who underwent a
cemented THA.

In uncemented femoral stems, significant differences
in UCS grade of fracture existed in modular stems and
in collared versus collarless stems. Modular uncemented
femoral stems are routinely reserved for complex and
revision hip procedures because they allow more surgical
flexibility.?¢ Failure at the modular junction of these
implants has been a topic of debate, especially with
older generations of the stems. Previous reports have
also analyzed implant fractures, which were limited to
the level of the modular junction.?-? Our more recent

BONE & JOINT OPEN



CHARACTERISTICS AND RISK FACTORS OF UCS FRACTURE SUBTYPES IN PERIPROSTHETIC FRACTURES AROUND THE HIP 665

Table V. Multinomial logistic regression: predictors of Unified Classification

System (UCS) subtypes compared to UCS B.

Subtype RRR (95% CI) p-value
UCS A

Type of femoral stem

Cemented (reference) 1

Cementless 3.3(1.9t05.7) < 0.001
Mobility prior to PPF

Independent Reference

Uses stick 3(1.4t06.4) 0.004
Uses frame/walker 2.7 (1.1 t0 6.6) 0.034
Wheelchair user 7.5 (1.3 to 41.8) 0.022
Dementia 2.8 (1.03to0 7.6) 0.043
Mechanism of injury

Fall <2 m Reference

MVC 9.1 (1.3 t0 65.3) 0.028
ucs c

Type of femoral stem

cementing

Cemented Reference

Cementless 0.36 (0.21t0 0.7) 0.002
Mobility prior to PPF

Independent Reference

Uses stick 2(1.1to4.4) 0.036
Uses frame/walker 3(1.4t06.5) 0.005
Wheelchair-bound 11.7 (2.4 to 57.9) 0.002
Diabetes 0.3(0.2t00.7) 0.008
Implant around PPF

THA Reference

Hip hemiarthroplasty 0.5 (0.2t0 0.95) 0.037
ucs b

Type of femoral stem

cementing

Cemented Reference

Cementless 0.3 (0.08 to 0.89) 0.032
Sex

Female 1

Male 0.2 (0.1t00.7) 0.011
Mobility prior to PPF

Independent Reference

Uses stick 6.3 (1.4 to 27.6) 0.015
Prior PPF in the past 13 (2.4 10 71.7) 0.003
Parkinson’s disease 9.8 (1.4 t0 70.1) 0.023
Dementia 7.4 (1.2 to 47.4) 0.035
Rheumatoid disease 5.6 (1.4 to 22.6) 0.016
Metastatic cancer 16 (2.6 to 97.4) 0.003
Mechanism of injury 0.002
Fall<2m Reference

Fall >2m 12.5 (2.6 to 60.1)

Cl, confidence interval; PPF, periprosthetic fracture; RRR, relative risk ratio;

THA, total hip arthroplasty; UCS, Unified Classification System.

results demonstrate that 15% of PPFs involving a modular
stem resulted in a fracture distal to the tip of the stem. In
addition, 7.7% of our population (n = 86) sustained a PPF
around a collared uncemented stem. The highest propor-
tion of PPFs involving a collared uncemented implant
in our population are seen in UCS A (49%). Collared

implants are associated with overall less risk of PPFs, less
subsidence, and reduced propagation of calcar fractures
as suggested by previous research.*®

Most UCS A fractures in our population were managed
conservatively (72.5%), most UCS B1 were managed
with fixation (80%), most UCS B2 and B3 were managed
with revision (67% and 68%, respectively), and most UCS
C and D were managed with fixation (90% and 80%,
respectively). This is expected and consistent with treat-
ment principles and findings from previous studies.’s?’

This is the largest study so far comparing outcomes
in different UCS fracture subtypes since the introduc-
tion of this classification system. Total LOS, dislocation,
readmission to hospital, and discharge destination were
significantly different between the UCS fracture grades.
Patients with a UCS D fracture had the longest median
LOS, highest proportion of hospital readmission rates,
and highest proportion of patients who were discharged
to step-down or interim care. This may be related to the
weightbearing status of those patients, complications
associated with decreased mobility, and the higher BMI
in this group.

Our study has several limitations. First, a proportion
of participating centres withdrew from the study due
to difficulty acquiring detailed information, particularly
from centres without electronic patient records, which
may have resulted in selection bias. Obtaining the true
incidence of PPFs was not achievable. The centres that
did participate had minimal missing data, and this could
have resulted in data bias because they may have had
more advanced medical record systems, allowing for
easier data collection. Despite our rigorous attempts in
the multivariable analysis, residual confounding might
still be present due to missing information such as time
from index procedure to fracture, and information on
radiological position of the original arthroplasty implants
prior to the PPF. We acknowledge that a calcar fracture
propagating to a UCS B2 postoperatively is treated
differently from a longstanding femoral stem with poly
wear, lysis, and fracture. We have also included patients
with PPFs around a THA and a hemiarthroplasty, which
may have introduced heterogeneity in our population.
However, the implant around which the PPF has occurred
was accounted for in the multinomial regression anal-
yses. Finally, interpretation of radiological images as per
the UCS for PPFs is subject to inter- and intraobserver
variability, even though the intraobserver agreement was
0.920 for the experts, and 0.772 for the pre-experts, as
suggested by Vioreanu et al.’

In conclusion, patients with PPFs around the hip are
frail with high mortality rates, consistent with those
seen in patients with femoral neck fractures. Several
patient- and implant-related characteristics are associ-
ated with certain UCS fracture subtypes. Although UCS
type B fractures are the most common fracture pattern
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in both cemented and uncemented stems, UCS A frac-
tures are more common in uncemented stems, and UCS
C fractures in cemented stems. A national PPF database
that records patient characteristics and implant name is
needed. This would help to further identify trends and
correlation between implants and fracture subtypes,
and may also help to monitor specific patients at risk of
PPFs who could benefit from revision surgery prior to
sustaining a fracture.

P

Take home message

- Patients with periprosthetic fractures (PPFs) around the hip
are similar to the neck of femur fracture population.

- Uncemented femoral stems are associated with a reduced

risk of Unified Classification System (UCS) C and increased risk of UCS
A fractures.
- A national PPF database is currently needed.

Twitter

Follow A. A. H. H. Nasser @AhmedNa38909237
Follow G. S. Chauhan @Gov87

Follow R. S. Nandra @RajpalNandra
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