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Background and purpose — To date, the mid- and long-
term outcomes of the Collum Femoris Preserving (CFP) stem
compared with conventional straight stems are unknown. We
aimed to compare physical function at a 5-year follow-up
and implant survival at an average of 10-year follow-up in
an randomized controlled trial (RCT).

Methods — This is a secondary report of a double-
blinded RCT in 2 hospitals. Patients aged 18—70 years with
hip osteoarthritis undergoing an uncemented primary THA
were randomized to a CFP or a Zweymiiller stem. Patient-
reported outcomes, clinical tests, and radiographs were
collected at baseline, 2, 3, 4, and 5 years postoperatively.
Primary outcome was the Hip disability and Osteoarthri-
tis Outcome Score (HOOS) function in activities of daily
living (ADL) subscale. Secondary outcomes were other
patient-reported outcomes, clinical tests, adverse events, and
implant survival. Kaplan—-Meier and competing risk survival
analyses were performed with data from the Dutch Arthro-
plasty Registry.

Results — We included 150 patients. Mean difference
between groups on the HOOS ADL subscale at 5 years was
—0.07 (95% confidence interval =5.1 to 4.9). Overall survival
was 92% for the CFP and 96% for the Zweymiiller stem. No
significant difference was found.

Conclusion — No significant differences were found in
physical function at 5-year and implant survival at 10-year
follow-up between the CFP and Zweymiiller stems. When
taking cup revisions into account, the CFP group showed
clinically inferior survival.

A growing number of total hip arthroplasties (THAs), espe-
cially in young and more active patients, causes an increase
in the number of revision surgeries [1]. In general, cementless
fixation is preferred for younger patients and cemented fixa-
tion for older patients [2,3]. To improve the prognosis of first
revisions, development in primary THA has aimed to preserve
bone stock. This has resulted in short-stem implants, such as
the Collum Femoris Preserving stem (CFP, Waldemar Link
GmbH, Hamburg, Germany).

The CFP is meant to preserve bone stock because of less
femoral neck resection and less femoral reaming. It is sup-
posed to be easier to insert and extract, which might be ben-
eficial for future revisions [4,5]. Possible sparing of soft tissue
may accelerate early postoperative rehabilitation and also
improve long-lasting functional outcomes [6-8].

In 2009 we initiated the CUSTOM trial; the first randomized
clinical trial (RCT) to compare the CFP with a conventional
uncemented straight Zweymiiller Alloclassic stem (Zimmer
Biomet, Warsaw, IN, USA) [7]. The primary aim was to com-
pare the functional results of these stems at 3 months and 2
years postoperatively. We previously reported that functional
outcomes of the CFP were not superior to the conventional
uncemented Zweymiiller stem up to 2 years after surgery [9].
Other studies investigating the CFP were mostly cohort stud-
ies [10-14]. Available RCTs have small sample sizes and a rel-
atively short follow-up [15,16]. To date, high-quality evidence
on mid- and long-term outcomes of CFP stems compared with
conventional straight stems is lacking. Therefore, we aimed to
compare physical function measured with the Hip disability
and Osteoarthritis Outcome Score (HOOS) function in Activi-
ties of Daily Living (ADL) subscale, at 5 years postopera-
tively, between patients with a CFP and a conventional unce-
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mented Zweymiiller stem. Secondary aims were to compare
other patient-reported outcome measures (PROMs), clinical
tests, and adverse events up to 5 years’ and implant survival at
10 years’ follow-up.

Methods
Design
We performed a double-blinded RCT in 2 general hospitals in

the Netherlands. The protocol and the 2-year results have been
published [7,9].

Participants

Patients aged 18—70 years with hip osteoarthritis and meeting
the criteria for an uncemented primary THA were eligible for
participation. Exclusion criteria were body mass index (BMI)
> 40, anatomy not suited for 1 of the procedures, life expec-
tancy < 5 years, inability to fill out the PROMs, and previous
or planned contralateral THA. Patients were not financially
compensated for participation.

Randomization and blinding

Patients were allocated to a CFP or conventional uncemented
Zweymiiller stem, on a 1:1 ratio, using block randomization
resulting in even group numbers per surgeon. Patients were
blinded to the type of prosthesis up to 5-year follow-up, to
prevent performance bias. Clinical assessment and data analy-
sis were performed by blinded researchers.

Intervention

Short stem — patients received a THA with a curved, unce-
mented CFP stem. 2 curvatures are available: (A) for coxa
valga and norma, and (B) for coxa vara. The curvature was
assessed preoperatively by templating the hip.

Conventional straight stem — patients received a THA with
a straight, uncemented Zweymiiller stem.

Both groups — all patients received a THA using the direct
lateral transgluteal surgical approach, with less gluteal dissec-
tion for the exposure of the femoral neck in the short stem
group. A Trabeculae Oriented Pattern (TOP) uncemented
hemispheric cup (Waldemar Link GmbH, Hamburg, Ger-
many) with a polyethylene liner was used in both groups. All
implants were positioned without the use of navigation. The
same postoperative rehabilitation protocol was used for both
groups.

Data collection

PROMs were sent at baseline and at 6 weeks, 3 months, 6
months, 1,2, 3,4, and 5 years postoperatively. Patients had the
option to complete the PROMs online or paper based. In the
online tool all questions were mandatory, preventing missing
items. Multiple efforts were made to ensure compliance with
the study procedures: digital reminders were sent, and patients

were contacted by telephone in case of a missed follow-up
or any missing items on the PROMs. Clinical tests were per-
formed and radiographs were taken at the outpatient clinics at
baseline and at 6 weeks, 1,2, 3,4, and 5 years postoperatively.
This study focuses on the results from 2 years after surgery.

Primary outcome

Primary outcome was physical functioning measured with
the HOOS ADL subscale (17), which is 1 of 5 subscales in
HOOS. A score of 100 indicates no symptoms and O indicates
extreme symptoms.

Secondary outcomes

PROMs

For secondary outcome, we used the other 4 subscales of the
HOOS, which are “Symptoms,” “Pain,” “Function in Sport
and Recreation” (Sport/Rec), and “Hip Related Quality of
Life” (QoL) [17]. For each subscale, a score of 100 indicates
no symptoms and O indicates extreme symptoms. Physical
functioning was also measured with the modified Harris Hip
Score (mHHS) [18,19]. Pain was also assessed on an 11-point
Numeric Rating Scale (NRS). Physical health was measured
with the Short Form-12 Physical Component Scale (SF-12
PCS) [20] and quality of life was assessed with the EQ-5D-3L
score [21].

Clinical tests

We measured range of motion as a part of the mHHS, walking
ability with the Timed Up and Go test (TUG) [22], abductor
strength through the Trendelenburg test [23], and the presence
of a leg length discrepancy.

Adverse events and revision surgery

Adverse events, defined as reoperations and implant-related
complications, were reported at every follow-up moment.
Radiology reports were screened for abnormalities, and the
Dutch Arthroplasty Registry was consulted for revisions and
mortality that occurred after the 5-year follow-up.

Sample size calculation

The sample size was calculated prior to conducting this trial,
based on the HOOS Pain subscale. The sample size was based
on a standard deviation of 14.3, based on a study by de Groot
etal. [17],an o of 0.05, and a power of 80%. A 10% difference
in outcome was considered clinically relevant by the study
team. This resulted in a sample size of 67 patients in each
group. We anticipated a 10% loss to follow-up, resulting in 75
patients per group.

Statistics

Primary analyses were based on the intention-to-treat princi-
ple, according to the randomization results. An additional as-
treated analysis was considered depending on any crossovers
between the groups.
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A linear mixed model analysis with a random intercept for
repeated measures within subjects was used for all continu-
ous outcomes: the HOOS subscales; mHHS; TUG; pain in
the operated hip/contralateral hip/back/knee; SF12 PCS; and
EQS5D utility scores. An unadjusted model was built, with the
baseline score for the outcome, time, and intervention group
as independent variables. Time (follow-up moment) was used
as categorical factor and an interaction term between time and
intervention group was added to assess differences between the
interventions for each follow-up moment. To test for robust-
ness of the primary outcome results, a sensitivity analysis was
performed in which only the completely blinded patients at 5
years’ follow-up were analyzed. To improve precision of the
group effect estimates, an adjusted model was built including
ASA classification, age, BMI, sex, comorbidities (pulmonary
and cardiac), and hospital as potential confounders.

The minimal clinically important improvement (MCII) and
patient acceptable symptom state (PASS) are reported for the
HOOS Pain and QoL subscales [24].

Dichotomous outcomes—adverse events, revisions, Tren-
delenburg test, and leg length discrepancy —were analysed
using chi-square tests.

A Kaplan—Meier survival analysis was carried out, com-
plemented with a competing risk analysis, which takes the
deceased patients into account. This analysis was based on the
as-treated data. Observations were censored at time of revi-
sion, death, lost to follow-up, or end of study. SPSS version 22
(IBM Corp, Armonk, NY, USA) and R (version 4.2.2, survival
package; R Foundation for Statistical Computing, Vienna,
Austria) were used for all analyses.

Ethics, registration, funding, and disclosures

Ethical approval was obtained by the Medical Research
Ethics Committees United (MEC-U), the Netherlands
(NL21637.100.08_16 September 2008). This trial is regis-
tered on the International Clinical Trials Registry Platform,
with ID number NTR1560 and is carried out according to
the Declaration of Helsinki. All participants signed written
informed consent. Link Nederland funded this trial based on
a predefined budget, including salary costs for research per-
sonnel and study-related procedures. Authors have no conflict
of interest to report. Complete disclosure of interest forms
according to ICMIJE are available on the article page, doi:
10.2340/17453674.2024.39964

Results
Patients

150 patients were included between August 2009 and October
2012 (Figure 1). Table 1 gives the baseline characteristics per
group. There was only 1 crossover between the groups; this
patient was randomized to a CFP stem but received a Zwey-
miiller stem. Therefore, the intention-to-treat analyses and the

The CUSTOM trial
Patients aged 18-70 years with hip osteoarthritis,
meeting the criteria for an uncemented primary THA
possibly eligible for participation
n =353

Excluded (n = 203):

- not meeting inclusion criteria, 146
— - surgeon did not participate in trial, 21
- did not consent to participate, 34

- missed due to logistic reasons, 2

Randomized
n=150
I
I 1
Allocated to uncemented Allocated to conventional uncemented
CFP stem (n = 75) Zweymiiller stem (n = 75)
Received CFP stem (n = 74) Received Zweymiller stem (n = 76)
Available baseline data (n = 72) Available baseline data (n = 73)
- missing PROMs, 3 — missing PROMs, 2
- missing visit, 2

|
Available 2-year follow-up (n = 71)
- missing PROMs, 2
— missing visits, 7
Lost to follow-up (n = 2):
- no hospital visit and no PROMs, 1
- declined, not satisfied with results, 1

I
Available 3-year follow-up (n = 71)
- missing PROMs, 1
- missing visits, 6
Lost to follow-up (n = 1): Lost to follow-up (n = 1):
- declined, not satisfied with results, 1 - declined, not satisfied with results, 1
I |
Available 3-year follow-up (n = 71) Available 3-year follow-up (n = 71)
— missing PROMs, 2 — missing PROMs, 1
— missing visits, 7 - missing visits, 6
Lost to follow-up (n = 1): Lost to follow-up (n = 1):
- declined, not satisfied with results, 1 - declined, not satisfied with results, 1
I |
Available 4-year follow-up (n = 67) Available 4-year follow-up (n = 68)
- missing PROMs, 5 - missing PROMs, 3
- missing visits, 7 Lost to follow-up (n = 1):
Lost to follow-up (n = 1): - health problems, not satisfied
- declined, not satisfied with results, 1 with handling, 1
I |
Available 5-year follow-up (n = 65) Available 5-year follow-up (n = 69)
- missing PROMs, 6 - missing PROMs, 2
— missing visits, 5 — missing visits, 2
Lost to follow-up (n = 0) Lost to follow-up (n = 0)

Available 2-year follow-up (n = 71)
- missing PROMs, 2

Lost to follow-up (n = 1):

- no hospital visit and no PROMs, 1

Available 3-year follow-up (n = 71)
- missing PROMs, 2
- missing visits, 7

Figure 1. Patient flowchart, following consolidated standards of reporting
trials (CONSORT). Available means that primary outcome is available.

as-treated analyses yielded highly similar results and only the
intention-to-treat results are presented in this article.

130 patients (87%) completed the 5-year follow-up. 5
patients did not visit the hospital for clinical tests and radio-
graphs but did fill out PROMs (3 CFP and 2 Zweymiiller).
One reason (CFP) was that the patient was living abroad, other
reasons are unknown. 7 patients did not fill out PROMs but
did visit the hospital for follow-up (5 CFP and 2 Zweymiiller),
reasons are unknown. 7 patients were lost to follow-up (3 CFP
and 4 Zweymiiller) (Figure 1).

Blinding

At the 5-year follow-up, 105 (75%) out of 140 patients were
still blinded to the type of stem. Data on 10 patients (6 CFP,
4 Zweymiiller) was missing. In the CFP group, 24 out of
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Table 1. Baseline characteristics of the included patients. Values are
mean (SD) unless otherwise specified

Table 2. Between-group differences on all HOOS subscales, for the
unadjusted model, at all follow-up moments

Characteristics CFP Zweymuiller
Hospital, n (A/B) 50/25 50/25
Demographic
Age 60.3 (6.8) 60.5 (7.1)
Sex, n (men/women) 21/54 22/53
BMI 27.2 (4.2) 26.4 (4.3)
ASA level, n (I/1I/111) 37/3711 26/45/4
Comorbidity, n
cardiac 8 17 (3 missing)
pulmonary 4 6 (3 missing)
Operated side, n (left/right) 31/44 20/55
Preoperative measures
HOOS Symptoms 41.9 (18.1) 43.5 (18.7)
HOOS Pain 46.0 (17.7)  44.9 (15.6)
HOOS ADL 46.1 (18.8) 47.2 (15.4)
HOQOS Sports/Rec 30.0 (21.4) 29.2 (18.7)
HOOS QoL 25.2 (15.3) 26.4 (16.0)
mHHS 56.9 (15.5) 56.5 (15.5)
TUG 10.8 (3.5) 10.4 (2.9)
NRS pain operated hip 6.4 (1.7) 6.4 (2.0)
NRS pain contralateral hip 0.9 (1.8) 1.4 (2.3)
NRS pain back 2.9 (2.6) 3.3(3.0)
NRS pain knees 3.2 (2.6) 3.0 (2.8)
SF-12 PCS 33.4(7.2) 34.0 (7.9)
EQ-5D-3L 0.62 (0.23) 0.59 (0.26)
Radiologic scores
Kellgren—Lawrence score, n (%)
0 (no OA) - -
1 (doubtful) = 2(2.7)
2 (minimal OA) 12 (16) 11 (15)
3 (moderate OA) 34 (45) 33 (44)
4 (severe OA) 28 (37) 27 (36)
missing 1(1.3) 2(2.7)

SD = standard deviation; n = number; BMI = body mass index;
ASA = American Society of Anaesthesiologists;

HOOS = Hip disability and Osteoarthritis Outcome Score;

ADL = function in activities of daily living; Sports/Rec = function in
sport and recreation; QoL = hip related quality of life;

mHHS = modified Harris Hip Score; TUG = Timed Up and Go test;
NRS = numeric rating scale; SF-12 PCS = Short Form-12 Physical
Component Scale; OA = osteoarthritis.

69 patients (35%) were deblinded. Reasons were: seen the
radiographs (n = 9), heard during follow-up visit (n = 9),
and unknown (n = 6). In the Zweymiiller group, 11 out of
71 patients (15%) were deblinded. Reasons were: seen the
radiographs (n = 4), heard during follow-up visit (n = 5), and
unknown (n = 2).

Primary outcome measure: physical function measured
with the HOOS

The mean difference in HOOS ADL (CFP vs. Zweymiiller)
at 5 years’ follow-up was —0.1 (95% confidence interval [CI]
-5.1 to 4.9, P = 1.0) (Table 2). We found no difference in
HOOS or between-group differences in the unadjusted mixed-
model analyses (Figure 2 and Table 2). The results of the sen-
sitivity analyses and the adjusted mixed-model analyses for
all HOOS subscales also showed no significant differences
between groups (Tables 3-5, see Appendix).

HOOS subscale

Follow-up, CFP Zweymiuller  Unadjusted model

years mean (SD) mean (SD) difference (Cl) P value
ADL

2 86.8 (15.0) 89.4 (15.4) -1.9(-6.7 t02.9) 0.4

3 87.1 (14.7) 89.6 (14.3) -1.8 (—6.6 t0 3.0) 0.5

4 88.7 (16.0) 90.4 (12.7) -0.7 (-5.5t04.2) 0.8

5 90.3 (11.1) 89.6 (15.2) -0.1(-5.1t04.9) 1.0
Symptoms

2 81.8 (17.5) 85.1(18.7) —2.2(-75t03.2) 0.4

3 83.0 (18.5) 86.4 (16.0) —2.1 (-7.5t03.3) 0.4

4 87.4 (13.8) 88.4 (15.1) -0.0 (-5.5t05.4) 1.0

5 83.3 (17.3) 88.8 (15.1) —4.0(-9.4t01.4) 0.2
Pain

2 87.7 (15.0) 88.8 (15.4) -1.1(-5.7t03.5) 0.6

& 86.9 (14.5) 90.6 (13.8) -3.4(-7.9t01.2) 0.2

4 89.0 (13.0) 90.1 (11.9) -0.5(-5.1t04.2) 0.9

5 90.0 (10.8) 91.4 (13.3) -2.3(-7.1t02.5) 0.4
Sports/Rec

2 70.4 (24.3) 74.4 (24.0) -2.9(-10.6t04.9) 0.5

3 69.1 (23.1) 75.9 (23.6) —6.0(13.7t0 1.8) 0.1

4 74.8 (22.6) 76.8 (21.7) -2.1(-10.0t05.8) 0.6

5 74.1 (21.8) 75.5(25.1) -3.1(-11.2t05.0) 0.5
QoL

2 72.4 (20.6) 75.7 (22.5) -2.2(-8.8t04.5) 0.5

3 73.5 (20.6) 78.3(22.1) -3.5(-10.1t03.1) 0.3

4 76.9 (18.4) 81.7 (16.7) —2.8(-9.5t03.9) 0.4

5 74.1 (20.1) 81.3(20.8) -5.1(-11.7t01.6) 0.1

For abbreviations, see Table 1.

Secondary outcomes

The largest between-group difference (CFP vs. Zweymiiller)
was observed in the Sports/Rec subscale at 3-year follow-
up, with a mean difference of —6.0 (CI —14 to 1.8, P =0.1),
although this was not statistically significant. At 4- and 5-year
follow-up, this difference is not apparent anymore (Table 2).
Table 2, Figure 2, and Figure 3 (see Appendix) present the
mean scores for both groups on all additional HOOS subscales
and other secondary outcomes. The results of the unadjusted
mixed-model analyses for all secondary outcomes at 5-year
follow up showed small between-group differences in general
(Tables 2 and 6). Only for the TUG were statistically signifi-
cant differences in favor of the conventional uncemented stem
seen at 3-year follow-up (unadjusted model) and at 3- and
4-year follow-up (adjusted model). Significant interaction
effects between group and follow-up were seen for the TUG
and pain in the contralateral hip; this can be seen in Figure 3
(see Appendix) in which the lines for both groups cross each
other. The MCII of 23 points for the HOOS Pain subscale was
reached by 79% patients in the CFP group (7 missing) and
84% patients in the conventional uncemented stem group (6
missing). The MCII of 17 points for the HOOS QoL subscale
was reached by 81% patients in the CFP group (7 missing) and
85% patients in the conventional uncemented stem group (6
missing). The PASS of 91 points on the HOOS Pain subscale
was reached in 69% of the CFP group and 76% of the conven-
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HOOS - ADL HOOS - Symptoms HOOS - Pain HOOS - Sport/Rec HOOS - QoL
100 100 100 100 100
901 901 Il 90 901 90 1
—1
80+ 80+ ol 80+ 80+ 80
]
70 70 70 70 70+
60 60 60 60 60 -
50 501 501 501 50 1
40 40 40 40 40
301 301 301 301 30
204 20 20 20 20
CFP CFP CFP CFP CFP
104 Zweymiiller 10 Zweymiiller 10 Zweymiiller 10 Zweymiiller 10 Zweymiiller
[ T T T T 0 T T T T [ [ T T T T 0

0 2 3 4 5 0 2 3 4 5
Years from index opberation Years from index operation

0 2
Years from index opberation

T T T T T T T
4 5 0 2 3 4 5 0 2 3 4 5
Years from index opberation Years from index operation

Figure 2. HOOS scores per subscale and for all follow-up moments.. For Abbbreviations, see Table 1.

Table 6. Between-group differences for secondary outcomes, for
the unadjusted model, at 5 years’ follow-up

CFP Zweymiuller Unadjusted model

Outcome mean (SD) mean (SD) difference (Cl) P value
mHHS 91.4 (12.0) 91.3(15.5) 0.1 (-4.3t04.6) 0.9
TUG 87(1.5 90(1.5 -04(-09to0.1) 0.1
NRS pain

operated hip 1.0 (1.3) 9(1.8) 0.07 (0.5t0 0.6) 0.8

contralateral

hip 1.0(2.00 0.7(1.5) 0.4 (-02t00.9 0.2

back 1.6 (2.0) 1.7 (2.4) 0.04(-0.6t00.7) 0.9

knee 0.9 (1.6) 12(1.9) -03(-091t00.3) 0.3
SF-12PCS  48.4(84) 47.3(11.1) 04(-29t03.7) 0.8
EQ-5D-3L 0.9(0.1) 0.9(0.2) -0.03 (-0.03t0 0.09) 0.3

For abbreviations, see Table 1.

tional uncemented stem group. The PASS of 83 points on the
HOOS QoL subscale was reached in 35% of the CFP group
and 59% of the conventional uncemented stem group.

A list of all reported serious adverse events can be found
in Table 7 (see Appendix), which showed no significant dif-
ferences. The Trendelenburg test showed no positive cases
at 5-year follow-up. Radiographs were evaluated at 5-year
follow-up and if not available, the former one (4- or 3-year
follow-up) was used. The following stem-related findings were
reported in 4 patients: radiolucent lines (1 Zweymiiller, 1 CFP),
partial loosening (1 Zweymiiller), and osteolysis (1 CFP).

Survival analysis

In the CFP group, 6 revisions were reported, of which 2 were
solitary cup revisions. In the conventional uncemented stem
group, 3 revisions were reported. Average follow-up time
since the THA surgery was 10.8 years (range 9.2—12 .4 years).
Results from the Kaplan—Meier and the competing risk analy-
ses yielded the same results and showed a survival of 92%
for the CFP group compared with 96% for the conventional
uncemented stem group. Revisions and mortality are specified
in Table 8 and a survival plot is depicted in Figure 4. Cen-
sors indicate the current follow-up moment, or the death (n =
7) of study participants. No significant difference was found
between the groups.

Table 8. Overview of all types of revisions and deceased patients

CFP Zweymdiller Total

Type n At years n At years

No revision 63 69 132
Total revision 2 1.6-2.9 2 2.3-5.5 4
Stem revision 2 2.5-4.1 1 3.2 3
Cup revision 2 0.0-5.6 0 2
Dead 3 6.0-9.1 4 5.7-8.5 7
Missing data 2 0 2
Total 74 76 150

Implant survial
1.0

) i
0.9 _Mﬂh-o—o“m

0.8 1

0.7 -
0.6
0.5 1
0.4 1
0.3 1
0.2 1
CFP

0.1 Zweymiiller

0 \ \ \ T
0 8 10 12

Years from index operation

Figure 4. Survival plot of the CFP and Zweymiiller stems.

Discussion

We aimed to compare physical function at 5-year follow-up
and implant survival at an average of 10 years’ follow-up. No
significant differences were observed between the groups at
5 years after THA, for either the primary or secondary out-
comes. This is similar to our 2-year results [9] and to the vast
majority of randomized trials in the primary THA population
[25]. We used a rather conservative threshold for clinical rel-
evance for the primary outcome: a difference of 10% [7,26].
At 5-year follow-up, the difference for HOOS ADL was 2.9%.
For the other HOOS subscales, we observed differences of
4.5% for HOOS Symptoms, 1.4% for HOOS Pain, 0% for
HOOS Sports/Rec, and 6.8% for HOOS QoL. The study was
sufficiently powered for the primary outcome, and the lack
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of statistical significance should not be attributed to the study
sample size. Overall revision rates of 8.3% for the CFP and
4.0% for the Zweymiiller groups were found. The influence of
chance is high because of the limited sample size. Earlier stud-
ies reported revision rates between 10% and 27% for the CFP
stem [11,13] and 2% and 8% for the Zweymiiller stem [27-30].
However, 2 of the revisions in our study were solitary cup
revisions. It is unknown to what extent these cup revisions can
be related to the stem. If the stem and total revisions only are
considered, we observed no differences between the groups.

Significant interaction effects between group and time were
seen for the TUG and pain in the contralateral hip, indicat-
ing some dissimilarities in the between-group differences at
the follow-up moments. These fluctuations over time between
the groups might be caused by incidental missing data. For
instance, if a patient with extreme scores at 1 follow-up
moment has a missing score on the former or latter follow-up,
this affects the mean scores.

The MCII scores reported by Paulsen et al. [24] are largely
achieved by the patients in our trial. The same research group
also reported the PASS, which was achieved only for the
HOOS Pain subscale by the patients in our trial. Heiberg and
Figved reported slightly higher scores (fewer problems) at 5
years for all HOOS subscales [31]. Their patients were older
(mean 70) than in our trial but underwent their surgery by the
posterior approach, which might influence their physical func-
tioning. In the study of Bergvinsson et al. the HOOS scores
seem similar to our results [32]. Lyman et al. reported com-
parable results: slightly higher scores at Symptoms and QoL
subscales, lower score on the ADL subscale and equal for Pain
[33]. Patients in that trial were on average older than in our
trial. Summarizing, we can conclude that the HOOS scores at
5-year follow-up in our trial are comparable to those in previ-
ous literature and that our patients do not deviate from average
patients in THA trials.

The HOOS is a disease-specific PROM for patients undergo-
ing THA but is not extensively used in the literature. Another
commonly used PROM is the HHS, for which similar results
were founded in our trial [12-15]. The MCII and PASS for the
EQS5D are both achieved by patients in our trial [24].

Strengths and limitations

All patients underwent THA with the straight lateral approach.
In recent years, there has been a shift in surgical approach from
straight lateral to the posterolateral and anterior approaches
[34]. It is questionable whether our results are generalizable to
other approaches. Although much effort has been undertaken
to prevent missing data, this could not be avoided. Paper-
based PROMs have the limitation that patients might leave
out answers. Possibly these missing items are not at random
but specifically occur for items with which the patient experi-
ences difficulties. A frequently occurring missing item in the
HOOS is the question about running, which might influence
the mean score of the Sports/Rec subscale. When looking at

implant survival, the strength of using the Dutch Arthroplasty
Registry is that all revisions (performed in the Netherlands)
are registered in this database. This is regardless of the hos-
pital in which the patient had the initial surgery. Therefore,
missing a revision is highly unlikely. No strong conclusions
can be drawn on implant survival because this trial was not
statistically powered for survival analysis. When looking at
observational studies, we also see higher revision rates for the
CFP than for the Zweymiiller stem [11-13,27-30]. Although not
statistically significant, our RCT supports these findings.

Due to the design, our trial is of high methodological qual-
ity. Strong efforts were made to protect against different types
of bias [7]. This RCT is maximally blinded, which was new
in surgical trials at the time this trial was conducted. After a
follow-up of 5 years, 75% of the patients were still blinded to
the type of prosthesis. This indicates that, with effort, it is pos-
sible to conduct a blinded surgical trial. We expected a maxi-
mum dropout rate of 10%, but at 5-year follow-up only 5%
were lost-to-follow-up.

Conclusion

No significant differences were found in physical functioning
at 5 years’ and implant survival at 10 years’ follow-up between
the CFP and Zweymiiller stems. When taking all revisions into
account, the CFP group shows clinically inferior survival. To
draw strong conclusions on implant survival, further research
with larger numbers of patients is required.
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Appendix
Table 3. HOOS between-group differences at 5 years’ follow-up, for mHHS TUG test
the sensitivity analyses with only completely blinded patients 100 T 16
90 4
§
CFP Zweymiuller Unadjusted model 70 | 2 a
Outcome mean (SD) mean (SD) difference (Cl) P value 60| 1 %
50 - 8-
ADL 91.3 (9.9) 89.2(16.2) 1.1 (-4.2t06.4) 0.7 401 6
Symptoms  84.0 (16.6) 88.2 (15.8) —3.0(-8.81t02.8) 0.3 30 o
Pain 91.4 (7.8) 90.4 (13.9) 0.07 (-4.5t04.7) 1.0 207 cFp N CFP
SpOI’tS/ReC 73.5 (220) 75.1 (259) -1.8 (—1 1.0to 74) 0.7 107 Zweymiiller Zweymiiller
QoL 75.0(19.3) 80.8(20.3) -5.0(-122t02.2) 0.2 o A T . p o p p T p
Years from index operation Years from index operation
For abbreviations, see Table 1. . . . .
Pain treated hip Pain contralateral hip
10 10
94 CFP 94 CFP
N Zweymiller N Zweymiller
7 74
Table 4. HOOS between-group differences, for the adjusted model, 6 6
at all follow-up moments 5 5
4 4
3 3
HOOS subscale 2 | 2
Follow-up, CFP Zweymdller  Adjusted model 14 | 14
years  mean (SD) mean (SD) difference (Cl) P value o " ’ : p o= s 3 i :
Years from index operation Years from index operation
ADL
2 86.8 (15.0) 89.4 (15.4) 1 9(-6.7t02.8) 0.4 Pain knees Pain back
3 87.1 (14.7) 89.6 (14.3) —1.7 (-6.4t0 3.0) 0.5 ° ore ° orp
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Figure 3. Mean scores (SD) of the mHHS, TUG, SF-12 PCS, pain
scores, and EQ-5D-3L at all follow-up moments. 2 P < 0.05.
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Table 5. Between-group differences for secondary outcomes at all follow-up moments, for the
unadjusted and the adjusted analyses

Outcome
Follow-up, CFP Zweymdller Unadjusted model Adjusted model
years mean (SD) mean (SD) difference (Cl) P value difference (Cl) P value
mHHS
2 87.8(13.9) 90.1 (146) —-19(-6.4t025) 0.4 -19(-6.3t02.5) 04
3 90.5(12.1) 92.1(148) -15(-6.0t02.9) 0.5 -1.4(-58t03.1) 05
4 91.6 (11.6) 92.1 (12.0) 0.0(-4.5t04.5) 1.0 —0 2(-47t04.2) 0.9
5 91.4(12.0) 91.3(15.5) 0.1(-4.3t04.6) 0.9 2(-42t04.7) 0.9
TUG
2 8.7 (1.7) 86(1.8) -0.0(-0.5t00.5) 0.9 -0.0 (-0.5t00.5) 0.9
3 8.6 (1.5) 89(1.7) -0.6(-1.0to-0.1) 0.03 -0.6 (-1.1to-0.1) 0.02
4 8.5 (1.3) 89(1.3) -05(-1.0t00.0) 0.06 -0.5(-1.0t0 0.0) 0.05
) 8.7 (1.5) 9.0(1.5) -0.4(-09to0.1) 0.1 -0.4(-09t00.1) 0.1
NRS pain operated hip
2 1.3(1.8) 0.9 (1.6) 0.3(-0.3t00.8) 0.3 0.3(-0.3t00.9) 0.3
3 1.4 (2.0) 0.8 (1.7) 0.6 (-0.0to 1.1)  0.06 0.6 (-0.0to1.1)  0.06
4 1.0 (1.6) 0.8 (1.3) 0.1 (-0.5t00.7) 0.7 0.1 (-04t00.7) 0.6
5 1.0 (1.3) 0.9 (1.8) 0.1 (-0.5t00.6) 0.8 0.1 (-05t0.7) 0.8
NRS pain contralateral hip
2 0.5 (1.3) 11(19) -05(-1.1t00.1) 0.08 -0.5(-1.1t0 0.1) 0.08
3 0.9 (1.8) 1.4(22) -04(-1.0t00.2) 0.2 -0.5(-1.1t0 0.1) 0.1
4 0.7 (1.6) 09(1.8) -0.2(-08to04) 0.5 -0.3(-09t004) 04
5 1.0 (2.0) 0.7 (1.5) 0.4(-02t00.9) 0.2 0.3(-0.3t00.9) 0.3
NRS pain NRS pain back
1.2(1.8) 1.6(24) -02(-1.0t004) 04 -0.2(-09t00.5) 0.5
3 1.6 (2.1)) 20(25) -03(-1.0to04) 04 -0.2(-09t004) 0.5
4 1.5 (2.1) 1.7(23) -02(-09t00.5) 0.6 -0.1 (-0.8t00.5) 0.7
5 1.6 (2.0) 1.7 (2.4) 0.0(-0.6t00.7) 0.9 0.1 (-0.6t00.7) 0.9
NRS pain knee
2 0.9 (1.7) 09(1.5) -0.1(-0.7t00.5) 0.7 -0.1 (-0.7t00.5) 0.8
3 1.2 (2.0) 1.4(22) -03(-08t003) 04 -0.3(-0.8t00.3) 0.4
4 0.8 (1.5) 1.0(1.7) -03(-08t00.3) 04 -0.2(-08t004) 0.6
) 0.9 (1.6) 1.2(1.9) -03(-09t00.3) 0.3 -0.3(-09t00.3) 04
SF-12 PCS
2 48.7 (8.9) 46.7 (10.2) 2.8(-0.3t05.9) 0.1 25(-0.6t055) 0.1
3 48.1 (9.8) 48.5(10.0) -0.1(-3.2t03.0) 0.9 -0.5(-3.6t02.5) 0.7
4 48.5 (9.2) 47.7 (10.2) 1.0(-22to4.1) 0.6 05(-—26t036) 0.8
5 48.4 (8.4) 473 (111) 04(-29t03.7) 0.8 -0.2(-3.5t03.0)0 0.8
EQ-5D-3L
2 0.9 (0.2) 0.9 (0.2) 0.0(-0.1t00.1) 0.8 0.0(-0.1t00.1) 0.7
3 0.9 (0.2) 09(0.2) -0.0(-0.1t00.0) 0.6 0.0 (0.1t0 0.1) 0.7
4 0.9 (0.2) 0.9 (0.2) 0.0(-0.1t00.1) 1.0 0 0(-0.1t00.1) 0.9
) 0.9 (0.1) 0.9 (0.2) 0.0 (0.0t0 0.1) 0.3 0.0 (-0.0t0 0.1) 0.2
For abbreviations, see Table 1.
Table 7. Overview of serious adverse events at 5 years’ follow-up
Type of event Follow-up moment CFP Zweymdlller Action

Periprosthetic fracture  During surgery Plate fixation/ cerclage

Dislocation 2 days postoperatively Cup revision
Infection 1st week postoperatively DAIR
Infection 5 weeks postoperatively DAIR

Late infection

Septic loosening
Fracture after fall
Loosening stem
Loosening stem
Urinary tract infection

Total

2 years postoperatively
2.5 years postoperatively
3 years postoperatively
2.5 years postoperatively
3 years postoperatively
1st week postoperatively

W A2 20020 =N
W oOoOO0O0O—=-—-20—+2000

2-stage revision
Total revision
Stem revision
Stem revision
Stem revision
Antibiotics

DAIR = debridement with irrigation, antibiotics, and implant retention.



