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Abstract
Background: The aim of this retrospective study was to evaluate patient-reported clinical outcomes,
prosthesis survival, and causes of revision of cemented humeral surface replacement (Durom-Cup) in a
large population.

Methods: Between 1997 and 2015, 266 patients underwent 279 implantations of Durom-Cup. Overall, 81
patients died, 39 patients were lost to follow-up, and 21 patients were excluded according to pre-de�ned
exclusion criteria, and dementia; this left 125 patients (135 shoulders) with a mean follow-up of 8.0 years
(range, 1–20 years). To report long-term follow-up a subgroup of 51 patients with a minimum follow-up
of 9 years and a mean follow-up of 12.4 years (range, 9–20 years) was evaluated. The mean age at the
time of surgery was 65.8 years (range, 25–91 years).

Results: The indications were primary osteoarthritis (52%) and rheumatoid arthritis (48%). Patient
satisfaction at �nal follow-up was as follows: very satis�ed, 59.2%; satis�ed, 29.2%; and not satis�ed,
11.6%. On a visual analogue scale (VAS) from 0 to 10, the mean pain on weight-bearing was 2.4 (range,
0–10). Overall, 55.4% were able to perform leisure activities without major limitations. Patients with
rheumatoid arthritis were signi�cantly younger than patients with primary osteoarthritis at the time of
surgery (mean difference, 11.5 years, p < 0.001). The overall survival rates (prosthesis without revision
surgery) of the Durom-Cup were 94.0 ± 5.0% at 5 years, 90.8 ± 9.86% at 10 years, and 90.8 ± 17.1% at 15
years. However, 9 shoulders (6.7%) required revision arthroplasty after a mean 4.3 years (range, 0.5–9
years).

Conclusions: These data demonstrated a relatively low revision rate of the Durom-Cup and high
satisfaction levels, suggesting an acceptable quality of life post-surgery. 

Background
The main technical goal of shoulder arthroplasty is to reproduce the patient’s normal anatomy. The main
clinical goals of shoulder arthroplasty are pain relief and ability to perform activities of daily living (ADL).

Of the different endoprostheses available, cementless or cemented surface replacement of the humeral
head, �rst described by Zippel [1] in 1975, has becoming less important; however, the operation time is
shorter than for total shoulder arthroplasty or stemmed hemiarthroplasty [2], and the result is facile
restoration of the anatomy and minimal bone resection, with low risk of periprosthetic fracture. Therefore,
resurfacing allows preservation of bone stock should the need for revision arise in the future [3]. The
main concern is that the revision rate is higher than that for total shoulder arthroplasty due to glenoid
loss [4, 5].

Rydholm and Sjögren reported a loosening rate in 25%, and proximal migration of the cup in 38%, of 72
rheumatoid shoulders after 4.2 years; these rates had no relation on mobility, pain relief, or functional
ability [6]. Similar results with the scan cup (strict hemispheric cup) were reported by Alund et al. [7] after
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a mean of 4.4 years; no difference was observed for the constant score between loosening and �xed
prosthesis.

Two studies, published in 2004 [8] and 2007 [9], presented early results at 2 and 5 years post-
implantation of a Durom-Cup in patients with rheumatoid arthritis (RA). The results of clinical evaluation
in term of active range of motion and radiographic analysis were encouraging. The aim of the present
study was to examine patient-reported outcomes in a large population after implantation of the Durom-
Cup to either con�rm or contradict previous study results with respect to prosthesis survival and revision
rates.

Methods

Study design and participants
This study was conducted as a retrospective cohort study including patients who received a Durom-Cup
humeral surface replacement (Fa. Zimmer, Winterthur, Switzerland) without glenoid component. The
surgical technique for implanting a Durom-Cup was described in detail by Fuerst et al. [2]. Data were
obtained from our hospital database. We extracted records for all patients over 18 years of age who
underwent this surgical procedure between 1997 and 2015. Patients were included if they had primary
osteoarthrosis (OA) or secondary osteoarthrosis caused by RA. Further diseases were excluded due to the
small number of cases (posttraumatic, n = 6; cuff tear arthropathy, n = 5; osteonecrosis of the humeral
head, n = 3; other medical indications, n = 3) and poor comparability. The actual data collection was
designed as a written questionnaire survey.

From the hospital database and according to the inclusion criteria, 249 patients were eligible to be
included in the study. The latest contact details were provided by the responsible registration o�ces to
increase the response rate and to obtain information about possible deaths. Finally, 168 patient-based
questionnaires were sent out (81 patients had already passed away). The dropout rate was 25.6% (43
patients): 30 did not respond to the survey, nine had relocated and did not receive the questionnaire, and
four were diagnosed with dementia and therefore were unable to complete the questionnaire. A total of
125 patients (n = 135 shoulders) with humeral surface replacement participated in the survey (Fig. 1).

Outcome measures
The patient-based questionnaire covers �ve survey areas: revision surgery and service life of the Durom-
Cup prosthesis; pain; impairment with respect to work and ADL; shoulder function; and satisfaction with
surgery. Patient satisfaction with the surgical procedure and the overall result was measured on a 3-point
ordinal rating scale. Information on revision was based on data provided by the patients in the
questionnaire and on subsequent analysis of the patient’s health records, as the revision surgery
performed at the same institution. Pain was measured on a nominal scale comprising three categories:
pain at night, pain at rest, and pain during active movement. When pain was indicated, it was quanti�ed
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from 0 to 10 on a visual analogue scale (VAS). To measure shoulder impairment, participants were asked
to score restrictions (categories = occupation and leisure) subjectively on a 5-point ordinal rating scale
from “fully functional” to “no work or activity possible”.

Shoulder function was measured in terms of �ve active clinical parameters: anteversion, abduction,
external rotation, clasping the hand behind the waist, and operating height. Different gradations of these
parameters were made with the aid of illustrative examples. Using this method, patients were able to
indicate on the questionnaire the degree of movement they could achieve.

Statistical analysis
Statistical analysis was performed using the statistics package SPSS (version 25.0). The values of
descriptive statistics are expressed as the mean expanded by minimum and maximum (range). Nominal
data are expressed as number (percentage). To evaluate the distribution of gender within the sample a
Chi²-test was calculated. Furthermore, a t-test for independent variables was used to test the difference in
age at the time of surgery regarding the initial diagnoses (OA vs. RA). Survival probabilities, i.e. time to
revision arthroplasty, were estimated by the Kaplan–Meier method. Potential risk factors (diagnosis
gender) were calculated by the univariate Log-Rank test. In accordance with accepted standards,
statistical signi�cance was set to a 2-tailed p-value of 0.05.

Results

Study population
Of the 125 patients enrolled, 51.9% were diagnosed with primary OA, and 48.1% with RA. The mean age
at the time of surgery was 65.8 years (range, 25.0–91.0). Unexpectedly, 73.6% (n = 92) were women and
only 26.4% (n = 33) were men (Chi² = 28.3, p < 0.001). Patients with RA were 11.5 years younger than
patients with OA at the time of surgery (59.8 vs. 71.3 years of age, respectively; T = 7.185, p < 0.001). All
demographic data are presented in Table 1.
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Table 1
demographic characteristics

  value

gender, female, N (%) 91 (74.0)

age at surgery in years, M (SD) 65.8 (10.9)

age at survey in years, M (SD) 73.7 (10.3)

operated shoulder, N (%)

- both sides

- right side

- left side

12 (9.8)

69 (56.1)

42 (34.1)

diagnoses, N (%)

primary osteoarthritis

secondary osteoarthritis related to rheumatoid arthritis

70 (51.9)

65 (48.1)

Survival rate and complications related to the Durom-Cup
The mean follow-up period for all implanted Durom-Cups was 8.0 years (range, 1–20 years). Kaplan-
Meier survival analyses are presented in Fig. 2. The overall survival rates (prosthesis without revision
surgery) of the Durom-Cup were 94.0 ± 5.0% at 5 years, 90.8 ± 9.86% at 10 years, and 90.8 ± 17.1% at
15 years. The survival rates of the Durom-Cup were for OA 96.8 ± 3.6% at 5 years, 91.9 ± 15.8% at 10
years, and 91.9 ± 37.5% at 15 years. The survival rates for RA were 91.7 ± 3.9% at 5 years, 89.5 ± 10.2% at
10 years, and 89.5 ± 18.7% at 15 years. Therefore, no signi�cant difference between implant survival rates
in patients with OA or RA (Log Rank Chi² = 0.608, p = 0.435) or between survival rates in women and men
(Log Rank Chi² = 0.027, p = 0.87) was observed. Fourteen patients (10.5%) underwent revision; �ve of
these underwent only soft tissue surgery due to joint stiffness, which is not a typical reason for revision in
the literature. These operations took place within the �rst 2 years after implantation of the Durom-Cup
(one case at 4 months, two cases at 7 months, one case at 8 months, one case at 12 months, and one
case at 24 months post-surgery) and were not correlated with RA.

Nine patients (6.7%) underwent revision of the Durom-Cup after a mean 4.3 years (range, 0.5–9 years).
Four patients were revised to a reverse arthroplasty due to glenoid erosion at 3, 4, 6, and 8 years post-
implantation of the Durom-Cup, and �ve patients were revised to an anatomical prosthesis. Of these �ve
patients, three underwent revision due to loosening of the implant at 4, 5, and 6 years post-surgery, two
due to prosthesis infection at 6 and 16 months post-surgery. Overall, 6/9 patients in whom the prosthesis
was revised had RA.

Patient-reported outcomes
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The mean VAS pain score on weight-bearing was 2.4 (range, 0–10); there were no signi�cant differences
between patients with OA and RA or between women and men. Of the patients that reported pain-related
sleep disturbance (41.1%), 32.3% reported “sometimes” and 8.9% reported “frequently”.

Overall, 27.4% could participate in ADLs without any physical limitations. However, 1.8% of patients could
not work at all and 1.7% were unable to participate in their favorite leisure activity. Detailed descriptive
statistics are presented in Table 2. At �nal follow-up, 59.2% of patients were very satis�ed with the
outcome, 29.2% were satis�ed, and 11.7% were not satis�ed (Table 2).
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Table 2
patient reported outcomes

outcome variable value

pain, N (%)

- yes

- no

57 (46.3)

66 (53.7)

nature of pain, N (%)

- pain at night

- pain at rest

- pain during stress

21 (36.8)

1 (1.8)

35 (61.4)

pain intensity (VAS 0–10), M (SD) 2.4 (2.9)

limitations during work, N (%)

- no work activity possible

- severe limitations

- moderate limitations

- minor limitations

- no limitations

2 (1.9)

14 (12.6)

31 (27.9)

21 (18.9)

43 (38.7)

limitations during leisure time, N (%)

- no leisure activity possible

- severe limitations

- moderate limitations

- minor limitations

- no limitations

2 (1.6)

15 (12.4)

37 (30.6)

25 (20.7)

42 (34.7)

sleep disturbances due to shoulder complaints, N (%)

- often

- from time to time

- no sleep disturbances

11 (8.9)

40 (32.2)

73 (58.9)
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outcome variable value

Overall satisfaction with the Durom-Cup prosthesis, N (%)

- very satis�ed

- satis�ed

- not satis�ed

71 (59.2)

35 (29.2)

14 (11.6)

Functional outcome parameters
All functional parameters are presented in Fig. 3. Shoulder functionality was measured in terms of
anteversion, abduction, external rotation, clasping the hand behind the waist, and operating height.
Overall, 66.3% of the patients had an anteversion > 120°, although 14.5% reported < 60°, which we de�ned
as “severe impairment”. Abduction > 120° was reported by 56.7% of patients, but 22.1% reported < 60°.
External rotation was achieved without di�culty by 66.0% of patients (i.e., they could raise the hand
above the head while keeping the elbow wide and away from the body). Clasping the hands behind the
waist showed the poorest results; only 42.0% of the patients were able to clasp the hands behind the back
and above the belt (most of them were able to place the hands on the belt or only to the lower edge of the
back trouser pockets). 45.5% of patients could operate with the hand on the head; i.e. comb their hair.

Survival rate and patient-reported outcomes in a subgroup
of at least 9 years follow-up
Additionally, all patients with a minimum follow-up of 9 years were evaluated separately. These 51
shoulders had a mean follow-up of 12.4 years (range, 9–20 years). Only one of these 51 (2.0%) shoulders
was revised because of symptomatic glenoid erosion. The prosthesis was switched to a reverse
arthroplasty. Of these 51 shoulders 48.0% reported to have any pain with a mean intensity of 2.2 (VAS
range, 0–8). When pain was reported it occurred on weight-bearing (50.0%) and during night (50.0%).
Pain at rest was not reported. 34.0% had pain related sleep disturbance. At �nal follow-up, 63.3% of
patients were very satis�ed with the outcome and 59,6% had no or only few restrictions in the ADL.

Discussion
Here, we report patient-reported mid- and long-term outcomes after implantation of a Durom-Cup. Of the
135 studied shoulders that received a Durom-Cup, only 9 underwent revision of the implant over a mean
follow-up period of 8.0 years. These data, together with few intraoperative complications, suggest that
cemented surface replacement remains an alternative solution for shoulder replacement in elderly
patients with OA, particularly in patients with RA.

Previous studies report con�icting results after surface replacement. We and others previously
demonstrated good clinical outcomes for patients with RA [9, 10]. Of interest, patients in the present
cohort with different pathologies had similar clinical outcomes. Patients with RA were on average
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11.5 years younger than those with primary osteoarthritis, as might be expected. There was no difference
between the groups in terms of pain on weight-bearing or shoulder functionality. There was no signi�cant
difference in functional outcome and implant survival rates between men and women. It is notable that
6/9 revision operations were in patients with secondary osteoarthritis caused by RA and may be due to
glenoid erosion.

In terms of functional outcome, more than 50% of patients in the study group had few restrictions with
respect to work (57.6%) and leisure activities (55.4%), whereas nearly 30% had moderate restrictions. In
total, 88.3% of patients were satis�ed with the outcome of the operation. However, this level of
satisfaction corresponds with the outcome reported by patients that received the Copeland prosthesis.
Rai et al. [11] reported a satisfaction rate of 88% at 12 years (n = 34 shoulders receiving the Copeland
mark III), whereas Bailie et al. [12] reported a rate of 97.2% (n = 35 patients aged < 55 years receiving the
Copeland mark II) at 2 year follow-up. The high satisfaction rate reported in the latter study is likely due to
the short follow-up and young age at the time of operation.

The implant-associated revision rate reported herein was 6.7%. This is comparable to that in the current
literature. Although Rai et al. reported a revision rate of 4%, Levy et al. reported a rate of 5–6% after 5–
10 years [13]. Alizadehkhaiyat et al. reported a revision rate > 20% at a mean follow-up of 4 years [14],
whereas Soudy et al. [15] reported a revision rate (surface replacement to reverse shoulder arthroplasty)
of 17.5% (18/105 patients) after a mean follow-up of 43.6 months; the total revision rate was 23%
(24/105 patients). Data from the Danish Shoulder Register show a cumulative revision rate of 14% for
resurfacing hemiarthroplasty and only 2% for stemmed hemiarthroplasty after a mean of 5 years [16].
Thus, the danish authors suggest that stemmed prosthesis designs may offer better implant survival
than resurfacing. For example, Barlow et al. (2014) reported a revision rate of 7% after 10 years for total
shoulder arthroplasty in RA patients, which is comparable to the revision rate for cemented surface
replacement reported herein. The main reason for revision after total shoulder arthroplasty was glenoid
loosening and infection [17]. Different results were reported by Maier et al. (2018); they described a very
high revision rate after cementless surface replacement (24%; n = 8 patients, 34 shoulders) at 2.7 years. In
all eight cases, the reason for revisions was glenoid erosion.

The intraoperative complication rate associated with surface replacement is quite low when compared
with that reported by other studies of shoulder arthroplasty. The largest study to date was published by
Cowling et al. [18]. This study of a national data set comprising 12,559 primary shoulder arthroplasties
reported an intraoperative complication rate of 2.5%. Signi�cantly fewer complications occurred in
patients undergoing resurfacing arthroplasty than in those undergoing total shoulder arthroplasty, reverse
shoulder arthroplasty, or stemmed hemiarthroplasty.

Due to the patient-reported outcome study we cannot draw de�nitive conclusions regarding
complications due to proximal migration, glenoid erosion, or radiolucent lines under the cup; if the
patients had no symptoms. The majority of our patients had low pain levels during the day and su�cient
range of motion to undertake activities of daily living.
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This retrospective patient-reported outcome study does not permit us to state that patients experienced
clinical improvement. Nevertheless, to the best of our knowledge, this study represents the largest
population of patients with implanted cemented humeral resurfacing in the literature. Furthermore,
patient-reported outcomes might be of more relevance [19] than radiological follow-up, particularly in
elderly patients more concerned with pain relief, functionality, and improved ability to undertake work and
leisure activities.

Conclusion
The present study reports mid- and long-term follow-up of cemented humeral surface replacement. The
results demonstrated a relatively low revision rate and high satisfaction levels, suggesting an acceptable
quality of life post-surgery.

Abbreviations
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cemented humeral surface replacement; ADL:activities of daily living; RA:rheumatoid arthritis; OA:primary
osteoarthrosis; VAS:visual analogue scale;
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Figure 1

Study pro�le. Number of patients taking part in the study, along with details of dropouts.
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Figure 2

Overall survival of the Durom-Cup shoulder prosthesis (years). Prosthesis survival is compared between
patients with OA and RA (log-rank test, p<0.05).
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Figure 3

Patient-reported functional parameters. Patients were asked to perform speci�c movements using
standardized images presented in the questionnaire. (A) Anteversion in six different “degrees of motion”
categories. (B) Abduction in six different “degrees of motion” categories. (C) External shoulder rotation
(�ve categories). (D) Possible operating height (�ve categories). (E) Clasping hands behind the waist (�ve
categories).


