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Abstract

Background International studies have demonstrated hospital-related variations in the outcomes of total hip replacement
(THR) based on clinical outcome measures and Patient-Reported Outcomes (PROs). Therefore, this study explored hospital-
related variations for THR based on PROs in Germany.

Methods We performed a multicenter, prospective, longitudinal cohort study. Patients were recruited in ten high-volume
hospitals in Lower Saxony, Germany (11/2019-2/2022). We measured the difference between the preoperative and 6-month
postoperative absolute scores using the Oxford Hip Score (OHS). Therefore, we employed a multifactorial analysis of cova-
riance model with OHS change from baseline as the dependent variable.

Results In total, 583 patients (65.54+9.91 years; 62.1% female) were included in our analysis. The unadjusted mean OHS
score increased from 21.61+7.63 to 40.75+8.10 points, thus indicating a change of 19.14+9.58 points. Overall, 503 patients
(86.3%) experienced a minimal important change (MIC) of at least 9 OHS points from the preoperative period to 6-months
postoperative. The adjusted change in OHS points for participating hospitals varied between 13.41 and 17.99 OHS points.
We found differences between the top-performing hospital and two hospitals (p<0.05 each); however, those differences were
shown to be below the minimal important difference (MID) of at least 5.22 OHS points.

Conclusions We identified differences in the quality of care for THR among high-volume hospitals in Germany; however,
those differences were below the MID threshold. Furthermore, both higher preoperative OHS scores and lower rates of pain
relief usage was associated with lower change scores. We recommend studies to explore hospital-related clinically relevant
variation for THR which also include low-volume hospitals and an evaluation of both MIC and MID thresholds in Germany.
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Introduction

Total hip replacement (THR) is performed annually in
approximately one million patients worldwide [1]. In Ger-
many, elective THR for patients with hip arthrosis or arthritis
was performed 160,910 times in 1,254 hospitals in 2020 [2].
Although THR has shown to provide promising results in
both reducing pain severity and improving the joint function
of the patients, there is still potential for further improve-
ment [1]. For example, hospital-related variations in the
outcomes of THR could be shown to lead to longer hospi-
tal stays, an increased risk of postoperative complications,
higher revision rates, and higher costs in low-performing
hospitals [1]. In this context, Mufarrih and colleagues pub-
lished a meta-analysis of 44 studies focusing on the impact
of hospital volume on the outcomes of THR. As a result, it
was shown that low-volume hospitals were associated with a
higher rate of surgical site infections, 90-day complications,
and mortality rates compared to high-volume hospitals [1].
In addition, another study from Germany determined sig-
nificantly lower risk-adjusted in-hospital mortality rates for
THR in high-volume hospitals compared to low-volume
hospitals (0.10% vs. 0.23%) [3].

To date, studies assessing the volume-outcome relation-
ship in elective surgery have focused on more traditional
outcomes such as complications and postoperative mortality
[4]. Regarding the latter, postoperative mortality might be
of limited importance for quality assurance in THR since it
occurs very rarely; for example, the 90-day mortality after
THR in the United Kingdom was calculated to be 0.3%
[4], while the in-hospital mortality rate following THR was
0.05% in Germany and the complication rate was 3.79%
[2]. Despite this potentially limited importance for THA,
both mortality and complication rates play an important role
in German quality assurance systems. For example, all four
hospital-related quality assurance measures of the quality
assurance system of the German Statutory Health Insurance
AOK (Allgemeine Ortskrankenkasse) (AOK-QSR) [5] and
four of eight measures of the quality assurance system of the
Institute for Quality Assurance and Transparency in Health
Care (IQTIG) were related to mortality or complications [2].

So far, the minority of studies have measured the effi-
cacy of THR — across hospitals — based on more patient-
related outcomes, such as Patient-Reported Outcomes
(PROs) [6, 7], which means with focus on “any aspect of a
patient’s health status that comes directly from the patient”
[8]. Basically, PROs address “feedback from patients about
their health and functional status (mostly before and after
surgery), measured on a quantified scale using generic or
condition-specific instruments” [9]. More recently, increas-
ing interest in collecting PROs in many industrialized coun-
tries (e.g., the United States, Germany, Sweden) could be
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observed [9—-12]. PROs are increasingly seen as primary
outcome measures in clinical trials, real-world studies, and
arthroplasty registries (e.g., the National Patient Reported
Outcome Measures (PROMs) program in England [4]) [13].
In addition, PROs are commonly used for research, audit,
and clinical practice for patients undergoing THR [14, 15].
PROs have also been used to assess and compare the out-
comes achieved by healthcare providers such as hospitals
[16]; for example, the NHS in England provides PROs on a
hospital-level basis for the public [17]. Additionally, PROs
have been shown to be of major importance from the per-
spective of patients when choosing a hospital for THR sur-
gery [18]. Nevertheless, the scarcity of studies using PROs
as an outcome measure (health gain from surgery) is not
surprising, since they are still not available as routine data
in most healthcare systems [4].

Recently, public-reported data of the National Joint
Registry in England from 2022 has demonstrated hospital-
related variations for THR based on PROs. Both low-per-
forming and top-performing hospitals could be identified
by using the change in the Oxford Hip Score — as the most
frequently used PROM in THR [19] — from the preoperative
result to the 6-month postoperative score. Here, 20 Trusts
(hospital units) (95% confidence interval) and 12 Trusts
(99.8% confidence interval) out of the total of 278 Trusts
had change-scores below the national average. On the other
hand, 13 Trusts (95% confidence interval) and 6 Trusts
(99.8% confidence interval) had change-scores above the
national average [20]. A recently published study also dem-
onstrated geographical variations in the outcomes of THR
and also presented the characteristics of hospitals that were
associated with these variations [21]. In another study, Vara-
gunam and colleagues showed that high-volume surgeon
outcomes were statistically significantly better than those
from low-volume surgeons; for example, an additional 10
cases were associated with higher OHS scores (0.06) [4]. In
addition, another study from England also found evidence
of significant unexplained variation between hospitals using
PROs after THR [22].

When detecting differences in the quality of care based
on PROs, it is important to mention that differences — even
if statistically significant — need to exceed a certain mini-
mal limit to be regarded as clinically relevant [19]. Thereby,
the minimal important change (MIC) is considered to detect
a relevant change in PROs which is large enough to be
appreciated from the patients” perspective [15, 23, 24]. As
mentioned by Deckey and colleagues, “their growing use
in orthopedic research stems from the necessity to identify
a metric, other than the p-value, to better assess the effect
size of an outcome” [19]. In this context, the authors con-
ducted a systematic review of calculated individual MIC
values and their respective ranges, as well as an assessment
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of their applications in THA research. The authors showed
that there were 45 unique PROMs for which 242 MICs were
reported. As mentioned above, the OHS was the most fre-
quently reported PROM. The review also showed that the
median MIC value for the OHS was 9 points [19]. Based on
this, patients need to achieve an increase of at least 9 OHS
points from the preoperative period to 6-months postopera-
tive to experience a clinically relevant improvement. Addi-
tionally, the between-group minimal important difference
(MID), which allows the estimation of a clinically relevant
difference in change scores when comparing two groups
(e.g., which received surgery in two different hospitals) [15,
23, 24], was shown to be 5.22 points for the OHS [15].

Research questions

Several international studies have assessed hospital-related
variations in PROs following THR [4, 20-22]. However, the
presented evidence has not assessed whether PRO-based
hospital-related variations might also be observable in Ger-
many. Therefore, the objective of this study is to address
this research gap by answering the following two research
questions: (1) Are there statistically significant differences
in the OHS change-score for elective THR surgery in Ger-
man high-volume hospitals? (2) Are there clinically relevant
differences in the OHS change-score for elective THR sur-
gery in German high-volume hospitals?

Methods
Study design

The present study was designed as a multicenter, prospec-
tive, longitudinal cohort study. It aimed to investigate
whether the OHS reveals hospital-related variations in the
PROs of THR in German high-volume hospitals. Therefore,
we measured the outcome as the difference between the
OHS scores six months after surgery compared to the OHS
scores before surgery. We used the German version of the
OHS with scores ranging from 0 to 48 with higher scores
indicating better values (i.e., higher quality of life results).
In this article, we refer to this endpoint as the OHS change
from baseline (preoperative). Ethics approval for this study
was obtained from the Friedrich-Alexander-University
Erlangen-Nuremberg (Germany) Ethics Board (196 19 B).

Patients were recruited in ten high-volume or very high-
volume hospitals for elective THR surgery (see Supplemen-
tary Material 1 for key characteristics of the participating
hospitals) in the German Federal State Lower Saxony from
November 2019 to February 2022. Patients who met the

following broad inclusion criteria were included: (1) vali-
dated diagnosis of coxarthrosis (ICD-10: M16); (2) primary
THR surgery in one of ten recruiting hospitals; (3) age
18 +years; (4) ability to fill out the questionnaire regarding
physical, psychological, cognitive, or language aspects; and
(5) informed consent. We then ranked all hospitals in Ger-
many into quintiles of approximately equal case numbers
according to their annual volume following the method-
ological approach used by Nimptsch and colleagues [3] to
be able to compare the number of cases of the participat-
ing hospitals. Based on this, our study included four very
high-volume hospitals and six high-volume hospitals. Fur-
thermore, three hospitals were certified as an EndoProsthet-
icsCenter, five as an EndoProstheticsCenter of Maximum
Care and two hospitals could not be shown to be certified.
Based on the results of the quality assurance system of
the German Statutory Health Insurance AOK (see above;
AOK-QSR) [5], one hospital was considered to be a top-
performer, six hospitals to be middle-performer, and three
hospitals were assigned to be low-performer. [5] Regard-
ing the hospital ownership, seven were labeled as non-profit
hospitals, two as public hospitals and one as a private hos-
pital (see Supplemental Material 1 for an overview of key
characteristics of participating hospitals.)

The preoperative OHS scores were obtained in a first
step using a paper-based questionnaire before surgery in the
corresponding hospitals; this questionnaire also included
questions about self-reported existing health conditions. In
the second step, patients were contacted via postal mail six
months after surgery and received a printed version of the
postoperative questionnaires; after two weeks, we sent out
a reminder. The questionnaire was piloted by 20 patients
to ensure the comprehensibility of the wording and inter-
nal validity; final adjustments were made accordingly. As
an incentive for completing the questionnaires, respondents
received a payment of 50€.

Statistical methods

Besides conducting descriptive analysis, we developed
an analysis of covariance (ANCOVA) model to assess the
above-stated research questions. In this model, the OHS
change from baseline (i.e., the difference between the
mean preoperative and 6-month postoperative absolute
OHS scores) served as the dependent variable. Regard-
ing the selection of independent variables, we conducted
the following steps: in the first step, we calculated uni-
variable models; based on this, variables were selected
for inclusion in the multivariable model if they were
statistically significant at the 20% level using the global
F-test. The strength of association between independent

@ Springer



M. Emmert et al.

©%eLD 6 (%oeD6 (LvD ol (%STD) 8 (%St) € ©%L8)9 (8D L (%Dt (%L'6) 9 (%t'6) § 1Tl L9 swoqoid [eunsajuronsen
(2%9°€S) 0 (%ELE) ST (%8'LY) €€ (%T9Ir) 0 (%909 0v  (%L'SE) ST (%ESS) 1T (%009 TI (%678 9¢  (%9'SS) 0 T6v 78T aunssaxd poojq Y3ty
%679 L (%Ith) 0 (% +S) L€ (%9°6S) s€  (%0°0S) 7€ (%EPS) 8 (%859 ST (%119 1T (%E79) 8¢ (%b'09) T¢ €96 SIg ured yoeg
(%6°€8) LY (%16L) €S (%rT8) 95 (%I¥8) €S (%99L) 6 (%9T8) LS (%S98) 7€ (%L el vl (%9¥L) Ly (%T6L)Ty  S08  0SY SILIYEOISO
SUOn)IPUOd JUNSIXI-1]
(©%L0D) 1 (%060 0T (%€ LT (%809 0T (%t ST (%000 1 (%T8D 1T (%06D ¥ (%t61) €1 (%I1°67) 91 yye Tl JOASU 10 UIYO $SI]
(%L DT (%89 ¥ (%676 (%9 € (%6+1D) 01 (%EP) € (%19 ¢ (%$°6) T (%SL)s  (%LTDL 6L 9t S[99M e oW |
©LD 0T (%bLD Tl (%981 €l (%ETD) 8 €6 (%ILD Tl L) e evDe (%r8D) 6l (%St 8 L91 L6 J[oom © sown ¢~
%ze) e (wroDL (%b1D)8 %79t  (wreD el (LLsDIT (%8TDS  (%06Dtv  (%SL)S (%9¢)T  L0I 79 Joom € sow) 9—
(%79t (%L LE) 9T (%678 €T (%T9r) 08 (%660 0T (%6Th) 08 (%T9r) 81 (%1888 (%ELE) ST (%00 T  €0v  veT Areq
H®>o:®.u EEQ MO oM.SEH
©%s019  (%9cD6  (%eoD L (%L91) 01 (%erD 6 (%880 61  (%TeDS (%0 € (%06)9  (%I'SD 8 Lv1 8 a10w 10 03e s1eak ||
e L (%T10) v1 ©rL)s  (CLLT1D L ©%erD 6 (%9eD6  (%TeDS  (%0SsDS (% 9D 1T (%6'81) 01 L1 8 03e s1894 09
©SLD 0T (%900 L (%bze) e (%ec) 0z (%06 Tl (%9€D6  (%S0Dy  (%0sDs  (%reD6 (%S0 €l 661 111 03e s189k G—¢
(%9°69) ¥€  (%S¥S) 9¢  (%0°05) v (%E'8€) €C  (%rTS) €€ (%6'€h) 6T (%T €D e  (%0SE) L (%19 1+ (%S T1H) T L0S €8T 03 sso[ pue S1edA 7
sIsougerp Jo 1eax
(%Ts) € (%L'8) 9 (%EP) € (%T9) ¥ (%S D1 [CAWARS (%19)c  (%8€D)S (%60 T (%5°9) € 8 143 asJom 10 peq
(©%6°L8) Tt (%SLD) 61 (%980 0T (%9+D) 91 (%8+e) €T (%I'LD Tl (%809 Tl (%9809 (%799 ST (%002 11 S8 991 K10joeys1yes
(2%6°99) €€ (%8 €Ny (%I'L9) Ly (%T69 St (%I€DTH (%LSL) €S (%I+9) ST (%9Ly) 01 (%609 ¢ (%S+L) I¥ 959 T8€ I9)39q 10 poonH
m:uﬁm :z.mum
uorneoyijenb
©%0rD 8 (%0l (%SLD 61 (%STDPT  (%6¥D 0T (%060 17 (%rsSD9  (%00DT  (%reD6 (%8LD)SI 0T SII 9OUBIUD ANSIOATU ([EOTUYII])
(%860 LT (%0Th) 6T (%T9¢) ST (%r'se) € (%r'SD LT (%90b) 8T (%9¢h) LT (%0°SE) L (%8'Ly) Te  (%TSE) 61 I'Le It [00Y9s A1epu0d3s djeIpauLIU]
(%199) 7€ (%LLE) 9T (%T9¢) ST (%I'e€h) 8T  (%L'6S) 0F (%t 0€) 1T (%0 1) 91 (%0°SS) 1T (%8'8€) 9T (%0°LE) 0T STy SPT SS9 10 [00YDS [e10UST AIEPUOIDS
uﬁoeﬁiwﬁm EQOCNOSQM

LLs) (Lo's) (1zs) (zey) (90°6) (¢6't) (cLs) (89°6) %09 6T¥s (0TS
16'LT 61°8¢ ¥0°6¢ 9 LT (6€1) 1T°6T '8¢ 80°6¢C vb°0¢ $S°6T 7967 —T091 8L'ST (as) uesy
(TING) xopuf-sseN-Apog 2aneradoord

(86°L) (1¢'9) 09°L) (1s°L) (6€°L) #1°8) (¥09) ¥o°L) (reL) (€9°L)
€€°0T 69°CC 90°€T se'1r (98°L) ¥9°TT wie 160C 0r'61 10T 61T ST 19°1¢ (as) uesy
SHO 2Anerodoaig
(%179 9¢ (%8 €Dy (%I'L9) Ly (%Tev)te  (%Tv9 ¢v (%989 8% (%b+L) 6T (%t 1L) ST (%S595) 6€  (%L'TS) 6T 129 79¢ oewo
(2%6°L8) 7T (%T99) ST (%6T) €C (%808 €€ (%8S T (%r1€) T (%99S 0T (%9809 (%Sev) o€ (%ELy) 9T  6LE 1T ol
BUEQO

(95711 (€1°01) (15°8) (€5°8) oron 09°11) (68°6) (6t°6) (6t'8) ¥1°6) (16°6)
L1°89 79°€9 0t'99 $9'L9 8L°99 1929 00°S9 LS'T9 0€°S9 96'69  98-GT SS9 (as) uesy
a3y

u 1o

(85=1) (69=1) (oL=u) (s9=u) (L9=1) (oL=1) (6g=1) (1z=u) (69=1) (ss=u) %10 (as)

01 6 8 L 9 S 14 € 4 | o8uey ueN

(¢85=u)

srepdsoy  opdwes [[e10AQ

(¢85 =u) syuoned 10J sO1ISLI)ORIBYD A9 | d|qeL

pringer

As



Variation in patient-reported outcomes after total hip replacement across ten high-volume hospitals in...

Table 1 (continued)

Overall sample Hospitals

(n

=583)

10

(n

1

Mean Range

=58)

(n=69) (n=21) (n=39) (n=70) (n=67) (n=65) (n=70) (n=69)

=55)

(n

or %

(SD)
orn
66
56
44
4

10 (14.9%) 9 (18.0%)

4(6.1%)

10 (14.7%)
2(2.9%)
5 (7.4%)
3 (4.4%)
3 (4.5%)
2(2.9%)

8 (12.5%)
5(7.9%)
1 (1.6%)
4(6.3%)
4(6.3%)
5(7.8%)

4 (6.0%)

6 (8.6%)
5(7.1%)

5 (12.8%)
5(13.2%)
3 (7.9%)
2 (5.3%)
3 (7.9%)
2 (5.4%)

7(113%) 3 (15.8%)

4 (7.5%)
5(9.4%)
2 (3.8%)
7 (13.2%)
0 (0.0%)
3(5.7%)

11.8
10.1
7.9
7.6
6.3
5.0

Heart problems

6 (11.5%)
5(9.8%)
5(9.4%)
5(9.8%)
3 (5.9%)

10 (15.4%)

3 (4.5%)
4(6.2%)

11 (17.2%) 3 (16.7%)

7(11.1%)
5(8.1%)
2 (3.2%)
6 (9.4%)

Diabetes/Blood sugar

7 (10.6%)
3 (4.5%)
4(6.0%)
3 (4.5%)

8 (11.6%)
6 (8.6%)
4 (5.8%)
0 (0.0%)

3 (15.8%)
3 (17.6%)
2 (11.1%)
2 (10.5%)

Lung problems
Depression

8 (12.5%)
2(3.1%)

35

28
Please find in the following the number of missings [a detailed overview is presented in supplemental material 6]: Preoperative BMI (n

Rheumatism

Cancer

2), Educational attainment (n=6), Health Status (n=1),

10), Gastrointestinal problems (n

=24),

27), Heart problems (n

23), High blood pressure (n

24), Back pain (n=

2), Osteoarthritis (n=

25), Intake of pain reliever (n

Diabetes/Blood sugar (n

Year of diagnosis (n

=28)

30), Cancer (n

=28), Rheumatism (n=

26), Depression (n

26), Lung problems (n=

variables was tested in the second step using Cramérs V
and cross tables. We also tested for second-order interac-
tions between the selected variables and the variable rep-
resenting the ten included hospitals. Interactions which
could not be proven to be either statistically significant
at the 20% level or medically justifiable were not consid-
ered to be relevant in the following analysis. The quan-
titative variables were tested for a linear, quadratic or
cubic relationship to the OHS difference. In the next step,
we developed a full model to adjust for the patient case
mix including all variables with a significant univariable
p-value of the global F-test (see above). Significant inter-
actions with hospitals (main factors and interaction term)
were also included, but removed from the model when
the global p-value was larger than 20%. For associated
variables, only one characteristic was included. Variables
were considered to be significant if the associated global
p-value from the ANCOVA model was below 5%. The
same significance level (two-sided) was used for pairwise
tests.

Since the present study should not be regarded as a con-
firmatory trial, a multiplicity correction to control the num-
ber of false positives in the statistical tests was not applied
[25]. The clinical relevance of the results was assessed
using estimators and two-sided 95% confidence intervals
from the final model. As stated above, determining whether
(statistically significant) changes in the OHS are also clini-
cally meaningful is required for judging the efficacy of joint
replacement. Therefore, one has to distinguish between
changes in single groups of patients over time (i.e., cohort
studies), for differences between groups and for assessing
changes in individual patients [15]. In this context, the MIC
is regarded to help clinicians and other stakeholders identify
an improvement that is large enough to matter to an individ-
ual patient [15, 19, 23, 24]. As mentioned above, a recently
published systematic review showed that the median MIC
value for the OHS was 9 points [19]. Based on this, patients
need to achieve an increase of at least 9 OHS points from
the preoperative period to 6-months postoperative to expe-
rience a clinically relevant improvement. Additionally, the
between-group minimal important difference (MID), which
allows the estimation of a clinically relevant difference in
change scores when comparing two groups (e.g., which
received surgery in two different hospitals) [15, 23, 24], was
shown to be 5.22 points for the OHS [15].

We also investigated further effects in subgroup analyses.
These effects were analyzed using univariate tests for one or
two samples. The tests were chosen depending on the dis-
tribution of the underlying data (e.g., t-test, Wilcoxon rank
sum test). The significance level was set to 5% (two-sided).
Statistical analyses were performed using SAS®, version
9.4 TS Level 1M7 (SAS Institute Inc., 2016).
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Results
Sample characteristics

Overall, 583 patients were included in our analysis (Table 1)
(see also Supplementary Material 2 for the patient flow
chart). The mean age of patients was 65.54 (SD 9.91) years.
Most respondents were female (62.1%) and stated second-
ary general school or lower as the highest educational level
(42.5%). The mean preoperative OHS for all patients was
21.61 (SD 7.63). Overall, 382 patients (65.6%) rated their
current health as good or better. Regarding treatment-related
issues, most participants reported taking pain relief on a daily
basis (40.3%). In addition, the most frequently reported pre-
existing conditions were osteoarthritis (80.5%), back pain
(56.3%) and high blood pressure (49.2%). Table 1 also pres-
ents the patient characteristics across all ten hospitals. As
shown, the mean age varied between 62.57 (SD 9.49) years
for hospital 3 and 68.17 (SD 11.56) years for hospital 10.
The mean preoperative OHS score was lowest in hospital 3
(19.40; SD 6.04) and highest in hospital 8 (23.06; SD 7.60).

The preoperative and postoperative scores obtained using
the 12-item OHS questionnaire are shown in Supplementary
Material 3. The lowest preoperative and postoperative mean
scores were reported for item 1 “Usual level of hip pain”
(0.48+0.64 and 2.86+1.27, respectively). In contrast, the
highest mean scores were calculated for item 2, “Trouble
with washing and drying” (2.57+0.93 and 3.61+0.70,
respectively). The lowest increase in OHS points from pre-
operative to 6-months postoperative was shown for item 2
“Trouble with washing and drying” (1.04+1.04), item 5
“Doing household shopping alone” (1.05+1.08) and item
6 “Walking time before severe pain” (1.05+1.25). In con-
trast, the highest change in OHS points was shown for item
1 “Usual level of hip pain” (2.38+1.36). It is important to

mention that all changes in OHS scores from preoperative
to 6-months postoperative were shown to be statistically
significant (p<0.001 each). Overall, the unadjusted mean
OHS score increased from 21.61+7.63 (preoperative) to
40.75+8.10 (6-months postoperative) OHS points. Based
on this, an overall improvement of 19.14+9.58 OHS points
could be determined.

Regarding the OHS scores on a hospital-based level, the
mean preoperative OHS scores ranged between 19.40+6.04
(hospital 3) and 23.06+7.60 (hospital 8) (Table 2). The
highest mean postoperative score was calculated to be
42.72+6.05 (hospital 7); in contrast, the lowest postopera-
tive score was reported to be 37.64+10.04 (hospital 4). When
comparing the improvement in OHS points from preopera-
tive to 6-months postoperative, the highest difference could
be observed for hospital 7 (21.38+8.06), while the lowest
difference was calculated for hospital 4 (16.72+11.66).
[Please also see Supplemental Material 4 presenting a ridge-
line plot to display the distribution of the OHS difference
by hospital.] Table 2 also shows the number and percent-
age of those patients who experienced a clinically relevant
improvement (n=503; 86.3%) and of those who did not
(n=80; 13.7%) on a hospital-based level; here, the increase
in OHS points was below the MIC threshold of at least 9
OHS points. As shown (Table 2), the best results were cal-
culated for hospital 7; here, the improvement in OHS points
from preoperative to 6-months postoperative for 62 patients
(95.4%) was shown to be clinically relevant. In contrast,
the lowest results were calculated for hospital 4; here, only
slightly more than three out of four patients (30/39; 76.9%)
experienced a clinically relevant improvement.

Table 3 presents a more in-depth analysis of the char-
acteristics of those patients who experienced a clinically
relevant improvement (86.3%) and of those patients with
an OHS change of less than 9 points (13.7%). Regarding

Table 2 Preoperative and postoperative unadjusted scores using the 12-item OHS questionnaire and patients (not) experiencing a clinically rel-

evant improvement for participating hospitals (n=583)

Hospitals n

Preoperative score Postoperative score

Change score Patients with a clinically  Patients with no

at 6 months relevant improvement*  clinically relevant
improvement”
[Mean+SD] [Mean+SD] [Mean+SD] [N (%)] [N (%)]

Hospital 1 55 21.92+7.31 39.71+£9.98 17.79+£9.18 45 (81.8%) 10 (18.2%)
Hospital 2 69 20.41+7.04 40.68+9.33 20.27+10.73 59 (85.5%) 10 (14.5%)
Hospital 3 21 19.40+6.04 38.35+£8.00 18.95+7.70 19 (90.5%) 2 (9.5%)
Hospital 4 39 20.91+8.14 37.64+10.04 16.72+11.66 30 (76.9%) 9 (23.1%)
Hospital 5 70 21.42+7.39 41.18+6.55 19.77+£9.37 62 (88.6%) 8 (11.4%)
Hospital 6 67 22.64+7.86 40.92+7.31 18.28+9.88 56 (83.6%) 11 (16.4%)
Hospital 7 65 21.35+7.51 42.72+6.05 21.38+8.06 62 (95.4%) 3 (4.6%)
Hospital 8 70 23.06+7.60 42.61+6.83 19.55+8.77 64 (91.4%) 6 (8.6%)
Hospital 9 69 22.69+8.31 41.15+£8.00 18.47+9.67 57 (82.6%) 12 (17.4%)
Hospital 10 58 20.33+7.98 39.15+8.54 18.824+9.83 49 (84.5%) 9 (15.5%)
Overall 583 21.61+£7.63 40.75+8.10 19.14+£9.58 503 (86.3%) 80 (13.7%)

* Minimal Important Change (MIC): OHS change>9.00 points; ¥ OHS change<9.00 points
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Table 3 Overview of patients (not) experiencing a clinically important

improvement (Minimal Important Change, MIC)

OHS OHS
change<9.00 change>9.00
(n=80; (n=503;
13.7%) 86.3%)
Mean (SD) or Mean (SD)or P
n (%) n (%)
Age
Mean (SD) 67.09 (9.97)  6529(9.88)  .144°
Gender
Male 47.5% 36.4% 057
Female 52.5% 63.6%
Preoperative OHS
Mean (SD) 27.74(8.71)  20.64(6.98)  <.0012
Preoperative Body-Mass-Index (BMI)
Mean (SD) 27.91(5.00) 28.93(5.23) .107!
Educational attainment
Secondary general school 31 (39.2%) 214 (43.0%)  .329%
or less
Intermediate secondary 35 (44.3%) 179 (35.9%)
school
(Technical) University 13 (16.5%) 105 (21.1%)
entrance qualification
Health Status
Good or better 48 (60.0%) 334 (66.5%)  .214*
Satisfactory 29 (36.3%) 137 (27.3%)
Bad or worse 3 (3.8%) 31 (6.2%)
Year of diagnosis
2 years and less ago 38 (50.7%) 245 (50.7%)  .840%
3-5 years ago 15 (20.0%) 96 (19.9%)
6-10 years ago 13 (17.3%) 69 (14.3%)
11 years ago or more 9 (12.0%) 73 (15.1%)
Intake of pain reliever
Daily 18 (22.5%) 216 (43.1%)  .004*
4—-6 times a week 7 (8.8%) 55 (11.0%)
2-3 times a week 20 (25.0%) 77 (15.4%)
1 time a week 8 (10.0%) 38 (7.6%)
Less often or never 27 (33.8%) 115 (23.0%)
Pre-existing conditions (the ten most frequently mentioned)
Osteoarthritis 62 (78.5%) 388 (80.8%)  .625%
Back pain 46 (59.0%) 269 (55.8%)  .601*
High blood pressure 46 (61.3%) 236 (47.4%)  .024*
Gastrointestinal problems 14 (17.9%) 53 (11.1%) .084*
Heart problems 11 (14.3%) 55 (11.4%) 468
Diabetes/Blood sugar 9 (11.7%) 47 (9.8%) .607*
Lung problems 10 (13.2%) 34 (7.1%) 0674
Depression 4(5.3%) 38 (7.9%) 414*
Rheumatism 5(6.5%) 30 (6.3%) 1.000°
Cancer 3 (3.9%) 25 (5.2%) 784°

Please note: 1two—sample t-test, 2Welch-t-test, Wilcoxon rank sum
test, 4XA2-test, SFisher’s exact test

Please find in the following the number of missings (those were taken
into account for statistical calculations): Educational attainment (n=1/5),
Health Status (n=0/1), Year of diagnosis (7=5/20), Intake of pain reliever
(n=0/2), Osteoarthritis (n=1/23), Back pain (n=2/21), High blood pres-
sure (n=5/5), Gastrointestinal problems (#=2/25), Heart problems
(n=3/21), Diabetes/Blood sugar (n=3/23), Lung problems (n=4/22),
Depression (n=2/24), Rheumatism (n=3/27), Cancer (n=4/24)

the latter, those patients had higher preoperative OHS scores
(27.74 vs. 20.64; p<0.001), were more likely to take pain
relief (»p=0.004) and to suffer from high blood pressure as
a pre-existing condition (61.3% vs. 47.4%; p=0.024). Dif-
ferences regarding other characteristics (e.g., age, educa-
tion, health status) could not be shown to be statistically
significant.

Furthermore, Table 4 shows the results of the multifac-
torial ANCOVA model; here, the adjusted OHS change
scores for patients of participating hospitals are presented
in detail. The adjusted change score for the top-performing
hospital (number 7; 17.99 OHS points) is compared with the
change score of the remaining nine hospitals. As shown, we
were able to detect differences in the adjusted OHS mean
change score from preoperative to 6-months postoperative
between the top-performing hospital 7 and two other hospi-
tals. Expanding further, hospital 4 (13.41 OHS points) and
hospital 10 (15.13 OHS points) had notably lower mean
OHS change scores compared with hospital 7 (hospital 4:
-4.57; 95% CI: -7.67 to -1.48; p=0.004; hospital 10: -2.86;
95% CI: -5.63 to -0.09; p=0.043). However, it should be
noted that this variation was not clinically relevant since
it was below the MID threshold of 5.22 OHS points (see
above). [Please see also Supplemental Material 5 present-
ing a forest plot displaying the difference in adjusted OHS
scores by hospital.] However, the result of the correspond-
ing ANCOVA F-test, which represents the global effect of
the variable, was not significant; the results must therefore
be regarded with caution.

Furthermore, we were able to detect differences regard-
ing certain patient characteristics (also Table 4). For
example, patients with a satisfactory health status had sig-
nificantly lower mean OHS change scores than patients with
a good or better health status (-1.52, 95% CI: -3.00 to -0.04;
p=0.044). Also, patients with a duration of symptoms of
between 6 and 10 years had significantly lower mean OHS
change scores than those patients with a symptom duration
of 1 year or less (-3.15, 95% CI: -5.66; -0.64; p=0.014).
Again, the global p-value was not significant for these fac-
tors either. Finally, patients with lower preoperative OHS
scores had significantly higher mean OHS change scores
that those with higher preoperative OHS scores (-0.76, 95%
CI: -0.86 to -0.66; p<0.001).

Discussion

The objective of the present study was to detect hospital-
related variations for THR between ten high-volume hos-
pitals in Germany using the Oxford Hip Score (OHS) as a
Patient-Reported-Outcome Measure (PROM). To the best of
our knowledge, this is the first study to use an OHS change
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Table 4 Preoperative and postoperative adjusted scores for participating hospitals using the 12-item OHS questionnaire (n=>583)

n Adjusted change Comparison to top-performing hospital
score [Mean] Mean difference/Increase*® 95% CI p value
Model constant 40.27 35.42;45.12 <0.001
Hospitals Hospital 7 65 17.99 0.141
Hospital 1 55 15.39 -2.60 -5.39;0.19 0.068
Hospital 2 69 16.23 -1.76 -4.44;0.92 0.199
Hospital 3 21 14.47 -3.51 -7.38;0.36 0.075
Hospital 4 39 13.41 -4.57 -7.67;-1.48 0.004
Hospital 5 70 16.50 -1.49 -4.13; 1.15 0.267
Hospital 6 67 16.72 -1.27 -3.99; 1.45 0.361
Hospital 8 70 17.56 -0.42 -3.06; 2.22 0.753
Hospital 9 69 16.31 -1.67 -4.30; 0.96 0.212
Hospital 10 58 15.13 -2.86 -5.63;-0.09 0.043
Gender Female 362 16.29 - 0.355
Male 221 15.65 -0.63 -1.97;0.71 0.355
Nationality German 566 17.26 - 0.194
Other 17 14.68 -2.58 -6.47; 1.31 0.194
Health Status Good or better 382 17.55 - 0.231
Satisfactory 166 16.03 -1.52 -3.00; -0.04 0.044
Bad or worse 34 17.17 -0.38 -3.25;2.50 0.797
Missing 1 13.13 -4.42 -20.13; 11.30 0.581
Duration of 1 year and less ago 119 17.46 0.364
symptoms 1-2 years ago 166 16.34 -1.12 -2.96; 0.72 0.231
3-5 years ago 154 16.42 -1.04 -2.92;0.84 0.277
6-10 years ago 56 14.31 -3.15 -5.66; -0.64 0.014
11 years ago or more 65 16.67 -0.79 -3.17; 1.58 0.513
n.a 16 15.63 -1.83 -6.03; 2.37 0.393
Missing 7 14.96 -2.50 -8.43;3.43 0.409
Intake of pain Daily 234 13.80 0.191
reliever 4-6 times a week 62 14.06 0.25 -1.99;2.50 0.824
2-3 times a week 97 13.70 -0.10 -2.04; 1.84 0.917
1 time a week 46 14.58 0.78 -1.80;3.35 0.553
Less often or never 142 15.52 1.72 -0.10; 3.53 0.063
Missing 2 24.17 10.37 -0.88;21.61 0.071
Hip replacement  No 404 16.89 0.175
other side Yes 122 15.73 -1.16 -2.76; 0.43 0.152
Missing 57 15.29 -1.60 -3.81; 0.60 0.154
Pre-existing con- No 543 13.49 0.023
dition—Anemia  Yes 12 17.04 3.55 -1.01; 8.12 0.127
orotherblood  pfissing 28 17.39 3.90 0.64;7.17 0.019
disorders
Pre-existing No 291 20.01 0.000
condition—High  Yes 282 19.11 -0.90 -2.25;0.45 0.191
blood pressure  \figging 10 8.79 11.22 -16.58; -5.86 <.0001
Preoperative BMI 583 -0.03* -0.16; 0.10 0.623
Preoperative OHS 583 -0.76* -0.86; -0.66 <0.001

score

to calculate variations in THR when comparing hospitals in
Germany. It is also the first study to use OHS change scores
as a PROM outcome measure to calculate hospital-related
variations for THR outside of the United Kingdom.

First, our study sample appears to be similar to represen-
tative THR patient cohorts from Germany [2] and England
[26]. For example, our study population had a mean age of
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65.54 years and was thus slightly younger than both the Ger-
man patient group from 2020 (68.71 years) [2] and patients
in England (approx. 68 years) [4]. Thereby, the percentage
of patients between 80 and 89 years was smaller in our study
(8.75%) compared with all German patients (17.38%) [2]
and those from England (approx. 15%) [26]. The percentage
of female patients in our study (62.1%) is very similar to the
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German national gender distribution; here, the percentage of
female patients was reported to be 58.4% [2]. Furthermore,
almost every second patient in our study (i.e., 48%) reported
suffering from high blood pressure, which is slightly higher
than that reported in England (40%) [4].

Second, regarding hospital-related variations for THR in
Germany, we showed that patients receiving treatment in
two specific hospitals had lower mean OHS change scores
than patients receiving treatment in the top-performing hos-
pital. However, the OHS change scores of both hospitals
could not be shown to be clinically relevant since they were
below the MID threshold of 5.22 OHS points [15]. Follow-
ing this, we did not find any hospital-related clinically rel-
evant variation for THR across ten high-volume hospitals
in Germany. Nevertheless, this result should not be general-
ized without a more in-depth reflection. For example, we
could see that the improvement of OHS points in the top-
performing hospital could be shown to be clinically relevant
for 95.4% of all patients (62 out of 65 patients). In con-
trast, in the least-performing hospital, only three out of four
patients (30/39; 76.9%) experienced a clinically relevant
improvement. One reason for this difference might be found
in the patient characteristics, what however, does not seem
to be plausible in our study. For example, patients treated
in the top-performing hospital could be shown to be older,
with slightly higher preoperative OHS values and patients
also report a longer patient history compared with patients
from the least-performing hospital. Another reason might
be found in the underlying group MID threshold of 5.22
points [15]. This value was calculated based on a data set of
the NHS patient-reported outcome measures that included
82,415 THR patients from England and Wales who under-
went surgery between 2009 and 2011. It is possible that an
analysis of more up-to-date data collected by surveying a
representative patient sample from Germany might lead to
other threshold values. However, so far, we are not aware of
any published German evidence in this regard. For example,
the above-mentioned systematic review of calculated MID
values and their respective ranges for the OHS summarized
evidence from the UK (5), Singapore (3), France (1) and the
Netherlands (1).

Third, as mentioned above, patients would receive high-
quality care in any of the assessed ten hospitals based on our
PRO-based findings. However, this conclusion should also
be viewed in relation to results from other quality assurance
systems in Germany. For example, the German federal state
quality assurance system [2] focuses on clinical areas and
indicators with the potential for quality improvement and
the intention to make the quality of care comparable across
hospitals. In total, this quality assurance system consists of
eight risk-adjusted performance measures for elective THR.
Thereby, hospitals with measures below certain thresholds

are required to justify these variances in a formal statement.
If the justification is considered to be insufficient, a qual-
ity deficit will be assigned. The quality indicators refer to
in-hospital consequences before and after surgery (e.g.,
complication rate, mobility at hospital discharge, confirmed
diagnosis rate, prevention of falls measures), regardless
of whether a long-term perspective has an impact on the
quality results [27]. Regarding the participating hospitals in
our study, nine of the ten hospitals did not have any quality
deficits and, thus, reached a performance of 100%; both of
the low-performing hospitals (i.e., with lower PRO results)
were within this top-performing group.

Furthermore, the quality assurance systems from the
Allgemeine Ortskrankenkasse (AOK) is based on claims
data for those who are insured with the statutory health
insurance AOK (approximately 24 Mio.). Here, the quality
measures focus on the “long-term quality of hospitals for
selected diseases or procedures and are based on measures of
complications and adverse events. For example, two indica-
tors analyze unplanned readmissions and surgical complica-
tions within the first year after THR” [27]. Regarding those
results, only one hospital was labeled as a top-performer,
six hospitals were middle-performers and three hospitals as
low-performers. Again, we could not find a strong associa-
tion between those results and our PRO-based findings. For
example, the three hospitals with the largest PRO changes
were labeled as middle performers and the only top per-
former was in sixth place in terms of OHS gains. In addition,
we showed that eight hospitals meet the requirements of the
EndoCert certification system and were certified either as an
EndoProstheticsCenter (EPZ) or an EndoProstheticsCenter
of Maximum Care (EPZmax). The certificates are issued by
the EndoCert Limited, which is a subsidiary of the German
Society for Orthopedics and Orthopedic Surgery [28]. The
certification process requires to meet comprehensive qual-
ity targets regarding structure, processes, and outcomes. For
example, an EPZ needs to treat at least 100 patients per year,
an EPZMax at least 200 patients per year [29]. However,
we did not find a clear association between EndoProsthet-
icsCenter certifications and differences in the OHS change
score. For example, two hospitals were not certified as an
EndoProstheticsCenter in our study; while one hospital
indeed showed statistically significant lower OHS change
scores than the top-performing hospital, the second hospital
was labeled as an EndoProstheticsCenter of Maximum Care
(EPZmax).

Fourth, the mean observed (i.e., unadjusted) OHS
change score of all ten hospitals was determined to be
19.14+9.58 OHS points; thereby, it ranged between
21.38+8.06 OHS points for the top-performing hospital
and 16.72+11.66 OHS points for the lowest-performing
hospital. This result seems to be similar to those from
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the United Kingdom. For example, an analysis of the
OHS change of 226,796 planned primary hip replace-
ments between April 2008 and December 2016 based on
UK National Joint Registry data [30] showed a positive
change in self-reported OHS change scores from 17.7
points (95% CI: 16.4 to 19.0) in April 2008 to 22.9 points
(95% CI: 21.8 t0 23.9) in December 2016 [30]. In another
study, Garriga and colleagues calculated the OHS change
score for a total of 173,107 patients who underwent THR
surgery, nested in 207 health areas (i.e., Clinical Commis-
sion Groups, CCGs) in England [30]. Here, the observed
(i.e., unadjusted) mean OHS change by CCG ranged from
17.5 to 24.9 points. The authors then grouped the CCGs
into five performance groups based on the estimated OHS
change scores. Here, 23 of the CCGs were assigned to
the lowest performance group with an OHS chance score
of between 18.7 and 20.1 points, while another 23 CCGs
were assigned to the top-performing group with an OHS
change score of between 22.7 and 24.6 points. Thus, the
difference between hospitals for the lowest and highest of
five categories ranged between 2.6 and 5.9 OHS change
points. In this study, models also indicated an associa-
tion of higher surgical volume by surgeon and by hospital
as well as private hospitals with better patient outcomes.
This finding might be explained — at least to a certain
amount — by the changing case mix of public hospitals
(i.e., the percentage of treated complex patients). Fur-
thermore, Garriga and colleagues also demonstrated an
association of the proportion of less experienced physi-
cians with poorer outcomes [20]. This seems comparable
to our observed OHS change score differences between
top-performing and lower-performing hospitals; here, the
differences ranged between 2.86 and 4.57 OHS points,
respectively. When comparing our findings to those from
the two mentioned studies from the United Kingdom, one
might assume similar results in the OHS change at first
sight. Nevertheless, we have to consider the fact that our
analysis focuses on OHS change scores across ten high-
volume hospitals in Germany. As evidence has shown a
positive volume-outcome relationship for THR surgery
(e.g., [21, 30]), we might assume at least slightly lower
mean OHS change scores in Germany when also includ-
ing middle- or low-volume hospitals.

Finally, we could show that 13,7% of all patients in our
study (80 of 583) did not experience a clinically relevant
improvement. Thereby, we could see differences between
the participating hospitals. For example, only 4,6% of all
patients of the top performing hospital did not achieve a
clinically relevant improvement. In contrast, 23,1% and
15,5% of all patients experienced a clinically relevant
improvement regarding the two hospitals with statisti-
cally lower OHS change scores. In addition, we could
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see differences regarding certain patient characteristics;
for example, patients without clinically relevant improve-
ments were shown to have significant higher preoperative
OHS scores (27.74) than patients with a clinically impor-
tant improvement (20.64). A lower self-reported OHS
score before THR surgery was significantly associated
with higher OHS change scores. This finding is in line with
international evidence, since studies from the UK and New
Zealand have also demonstrated similar results [31-35]. In
addition, patients without clinically relevant improvements
reported significantly lower pain reliever usage; here, only
22,5% reported a daily intake compared with 41,1% regard-
ing those patients who experienced a clinically relevant
improvement. Thus, a lower self-reported usage of pain
reliever was associated with lower OHS change scores; this
finding is in line with a study from the United States [36].
Our findings should be considered in light of some limi-
tations. We only included hospitals in the German Federal
State Lower Saxony, where about 10% of all German hos-
pitals are located [37]. All PROMs have possible ceiling
effects, even though Lim and colleagues showed that the
OHS did not exhibit a ceiling or floor effect, suggesting that
the OHS should continue to be used as a valid measure of
patient-reported outcomes for patients [38]. In our study, the
postoperative OHS measurement was taken 6 months after
surgery, as was the case in the above-mentioned studies of
Garriga and colleagues [21, 30], Varagunam and colleagues
[4] and NHS Digital [20]. However, some studies used a
postoperative OHS measurement after 12 months. For
example, Browne and colleagues showed that the twelve-
month change scores reported were at least 2.1 points higher
than the six-month change observed in the English PROMs
program [39]. Furthermore, OHS-related PROMs may have
some limitations as they do not collect data on high levels
of physical activity [38, 40]. There might be several items
that current patients consider to be relevant which are not
included in the OHS, such as riding a bike or the ability
to lower oneself onto and get up from the floor [41]. In
addition, we tried to standardize pre-operative data collec-
tion across all participating hospitals as much as possible.
In most cases, the postoperative survey was conducted in
the clinic on the day of the surgery or the day prior to that.
However, there were instances where the survey may have
carried out during the consultation with the physician or
anesthesiologist. In those cases, it took place a few days
earlier, but not more than a week before the surgery. There-
fore, we assume that the information provided is largely
comparable, although an exact day-specific standardization
across all participants was not conducted. We also did not
specifically exclude patients awaiting bilateral hip replace-
ment surgery. Regarding this, we did not ask whether a
bilateral surgery was performed, nor did we define this as
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an exclusion criterion. Following this, some patients may
have received bilateral hip replacement surgery. Another
limitation refers to the fact that we did not collect how many
surgeons were performing the hip replacement surgeries in
each hospital nor how many procedures each of them per-
formed individually. Both pieces of information would have
been interesting to examine the impact of the performing
physician on the outcome more closely. Finally, our study
does not allow for an analysis of the development of the
quality of care for THR surgery in Germany since we did
not compare results over a longer period of time [30].

In sum, this study adds to the literature by detect-
ing variations in the quality of care for ten high-volume
hospitals in Germany for THR surgery based on patient-
reported outcomes data from 583 patients. Following our
study findings, we did not find any hospital-related clini-
cally relevant variation for THR across the ten high-vol-
ume hospitals included. Indeed, we did find differences
between the top-performing hospital and two hospitals;
however, those differences were not clinically relevant
since they were below the minimal important difference
(MID) threshold. Based on this, we cannot show that
patients would receive different levels of quality in any
of the ten hospitals assessed. Furthermore, we could con-
firm international findings showing that both higher pre-
operative OHS scores and lower rates of pain relief usage
was associated with lower change scores. We recommend
studies to further explore hospital-related clinically rel-
evant variation for THR which also include low-volume
hospitals. Additionally, we recommend an evaluation of
both MIC and MID thresholds in Germany.
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