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内側人工膝関節単顆置換術後の再手術に関する全国規模のリアルワールドデータ解析
手術施行率の高い国から得た知見

Analysis of national real-world data on reoperations after medial 
unicompartmental knee arthroplasty

insights from a high-usage country

By C. Bredgaard Jensen, MD*, M. Lindberg-Larsen, MD, PhD, A. Kappel, MD, PhD, C. Henkel, MD, PhD,  
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目　的：
本研究の目的は，内側人工膝関節単顆置換術（mUKA）後 1 年以
内に追加手術が施行された場合の，その適応症および患者特性
を調査し，手術件数の多い国における，日々の臨床診療とアウ
トカムを評価することである．

方　法：
Danish Knee Arthroplasty Registry（DKAR）に登録された，
2020 年 4 月 1 日〜2021 年 3 月 31 日に施行され，1 年以内に
追加手術を要したすべての mUKA を対象とした．デンマーク
の私立および公立の各人工関節センターから，初回手術と再手
術について，患者特性，手術の適応症，手術方法，患者別のコ
ンポーネントのサイズに関するデータを入手した．初回手術か
らの期間を問わずすべての再手術を記録した．

結　果：
研究期間中に患者 2,303 例における計 2,431 件の初回 mUKA 
が DKAR に報告され，55 例（mUKA 55 件，2.3%［95%信頼区
間｛CI｝1.7〜3.0］）が 1 年以内に追加手術を受けた．再手術の適
応症でとくに多かったのは，人工関節周囲骨折（16 例，0.7%

［95% CI 0.4〜1.1］），人工関節周囲感染（PJI）（13 例，0.5%［95% 
CI 0.3〜0.9］），ベアリング脱臼（9 例，0.4%［95% CI 0.2〜0.7］）
であった．6 例の人工関節周囲骨折は内固定術により治療され
たが，うち 5 例はその後人工膝関節全置換術（TKA）への再置
換を受けた．10 例の PJI は，debridement, antibiotics, and 
implant retention（DAIR）法により治療された．うち 4 例は感
染が持続したため，その後 TKA への再置換を受けた．9 件の
ベアリング脱臼はすべてライナーの交換により治療されたが，
うち 7 件は，性別と身長からみると，大腿骨コンポーネントの
サイズが小さかった患者で発生した可能性が高い．

結　論：
手術件数の多い国では，mUKA 後の再手術はまれである．追
加手術の適応症でもっとも多かったのは，人工関節周囲骨折，
PJI，ベアリング脱臼であった．mUKA 後の人工関節周囲骨折
に対する内固定術の治療成績は不良である．mUKA における 
PJI の治療法として DAIR が適切かどうか，またこれらの患者
で感染を確実かつ効果的に根絶する方法についてはいまだに確
定していない．大腿骨コンポーネントのサイズが小さい場合，
ベアリング脱臼のリスクが増大する可能性がある．

*Department of Orthopaedic Surgery, Clinical Orthopaedic 
Research Hvidovre, Copenhagen University Hospital Hvidovre, 
Hvidovre, Denmark. E-mail: christian.bredgaard.jensen@regionh.dk

Aims:
The aim of this study was to examine the indications for further 
surgery and the characteristics of the patients within one year 
of medial unicompartmental knee arthroplasty (mUKA), provid-
ing an assessment of everyday clinical practice and outcomes 
in a high-volume country.

Methods:
All mUKAs which were performed between 1 April 2020 and 
31 March 2021 and underwent further surgery within one year, 
from the Danish Knee Arthroplasty Registry (DKAR), were 
included. For primary procedures and reoperations, we received 
data on the characteristics of the patients, the indications for 
surgery, the type of procedure, and the sizes of the components 
individually, from each Danish private and public arthroplasty 
centre. All subsequent reoperations were recorded regardless 
of the time since the initial procedure.

Results:
A total of 2,431 primary mUKAs in 2,303 patients were re-
ported to the DKAR during the study period and 55 patients (55 
mUKAs; 2.3% (95% CI 1.7 to 3.0)) underwent further surgery 
within one year. The most frequent indications for reoperation 
were periprosthetic fracture (n = 16; 0.7% (95% CI 0.4 to 1.1)), 
periprosthetic joint infection (PJI)(n = 13; 0.5% (95% CI 0.3 to 
0.9)), and bearing dislocation (n = 9; 0.4% (95% CI 0.2 to 0.7)). 
Six periprosthetic fractures were treated with internal fixation, 
but five of these patients later underwent revision to a total knee 
arthroplasty (TKA). Ten PJIs were treated with debridement, 
antibiotics, and implant retention (DAIR). Due to persistent 
infection, four of these patients later underwent revision to a 
TKA. All nine bearing dislocations were treated with exchange 
of the liner, and seven occurred in patients who, based on their 
sex and height, probably had undersized femoral components.

Conclusion:
Reoperations are rare following mUKA in a high-volume coun-
try. The most frequent indications for further surgery were 
periprosthetic fracture, PJI, and bearing dislocation. Using inter-
nal fixation to treat periprosthetic fractures after mUKA gives 
poor results. Whether DAIR is an appropriate form of treatment 
for PJI in mUKAs, and how to ensure the effective eradication 
of infection in these patients, remains uncertain. Undersizing the 
femoral component might increase the risk of bearing dislocation.
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two months (IQR 25 to 175.5 days). OA of the knee was the 
indication for the primary procedure in all 55 mUKAs which 
required a reoperation, and 52 (95%) had a mobile- bearing 
design. The demographic characteristics of the patients whose 
mUKA required a reoperation and all primary mUKAs which 
were undertaken during the study period are shown in Table I.

The most common indications for reoperation were peripros-
thetic fracture (n = 16; 0.7% (95% CI 0.4 to 1.1)), PJI (n = 13; 
0.5% (95% CI 0.3 to 0.9)), and bearing dislocation (n = 9; 0.4% 
(95% CI 0.2 to 0.7)) (Table II).

A total of 16 of the 55 patients (55 mUKAs) who under-
went a reoperation had a second reoperation at a median time 
from the first reoperation of eight months (IQR 2.7 to 7.3), and 
two patients (two mUKAs) required a third reoperation. The 
most frequent type of reoperation was revision to a TKA (n = 
22; 40%). The types of reoperations are shown in Table III. A 
total of 29 patients (29 mUKAs; 53%) who underwent a reop-
eration retained their mUKA following their first reoperation 
(Table IV), and 18 (18 mUKAs; 33%) retained their mUKA 
following subsequent reoperations.

Of the 16 (0.7%) periprosthetic fractures, six were treated 
with ORIF and ten required revision to a TKA (five to a 
CR- TKA, four to a CCK- TKA, and one to a PS- TKA). Subse-
quently, all six patients (six mUKAs) who were treated with 
ORIF had further operations; five were revised to a TKA (four 
within one year of primary surgery) and one retained the mUKA 
but had osteosynthetic material removed. A total of 11 fractures 
occurred in females and ten in patients aged > 70 years.

Subsidence occurred in four mUKAs (four patients; 0.2%); 
two (in two patients) were revised with exchange of liner (3 
mm to 5 mm and 3 mm to 9 mm) and two (in two patients) were 
revised to a TKA.

There were 13 PJIs (in 13 patients; 0.5%). Of these, ten (in 
ten patients) were treated with soft- tissue revision and exchange 
of liner (DAIR), two (in two patients) were treated with a two- 
stage revision and a spacer, and one underwent one- stage revi-
sion. Of the ten DAIR procedures, four patients (four mUKAs) 
subsequently underwent either a one- or two- stage revision due 
to persistent infection.

There were nine bearing dislocations (in nine patients; 
0.4%), all treated with exchange of liner. The upsizing of the 
liner from the primary to the revision procedure is shown in 
Supplementary Table ii. Based on the proposed sizes which 
were recommended,19 seven of the nine bearing dislocations 
occurred in patients in whom the femoral component may have 
been undersized. One patient had a PJI after an initial revision. 
Two patients (two mUKAs) required further revision due to 
subsequent dislocations; both underwent revision to a TKA.

Discussion
We found that 2.3% of mUKAs required a further operation 
within one year. The most frequent indications for a further 
operation were periprosthetic fracture, PJI, and bearing dislo-
cation. A total of 29 (33%) retained their mUKA after these 
further operations. Periprosthetic fractures were usually treated 
by revision to a TKA. PJIs were usually treated with DAIR. 
All bearing dislocations were revised with an increased size  
of liner.

A previous study investigating further operations after 
mUKA within 90 days of surgery from Danish arthroplasty 
centres found lower rates of further operations than in our 
study,9 which was probably due to the shorter follow- up. 
 Periprosthetic fractures and PJIs were also among the leading 
indications for further surgery. Aseptic loosening has been 
reported to be an issue within the first five years after mUKA.20 
We found very few cases of aseptic loosening. This could, in 
part, be explained by a recent move towards using uncemented 
mUKA  components.12 These have been found to reduce the rate 
of aseptic loosening.21

Periprosthetic fracture occurred in 16 patients (16 mUKAs; 
0.7%) within one year of surgery. Our findings suggest that 
elderly female patients are particularly at risk of this compli-
cation. This is not unexpected given the well- established risk 
of poor bone mineral density and low- energy fractures in post-
menopausal females.22 However, patient factors do not only 
determine the risk.

Errors in key steps of the operation have been reported to 
increase the risk of periprosthetic fracture. These include the 
placement of the sagittal tibial cut, the depth of the horizontal 
tibial cut, the preparation of the keel, and the implantation of 
the components.23–26 During the sagittal cut, it is possible to 
angle the saw blade into the posterior cortex, decreasing the 
maximal load the supporting bone can tolerate before a frac-
ture occurs.23,24 This is an issue, especially for inexperienced 
surgeons, as excessive sagittal cuts were found in 18% of arti-
ficial bone models used during a UKA instructional course.27 
Performing the sagittal cut too far medial of the medial ridge 
of the tibial eminence decreases bone cover and results in the 
use of smaller sizes of component, which increases the risk of 
fracture.28,29 Similarly, the risk of fracture increases when the 

A B C

Fig. 2

Figure showing the impact of undersizing the femoral component. a) 
Two femoral components, one undersized (dark grey) and one optimally 
sized (light grey), implanted with balanced flexion gaps, illustrated 
by dotted lines. b) Due to the smaller diameter of the curve of the 
undersized component, the gap becomes tighter during mid- flexion. 
The red dotted line shows the contour of the optimally sized component 
and the protrusion of the undersized component beyond it. c) The two 
components implanted with balanced extension gaps.
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two months (IQR 25 to 175.5 days). OA of the knee was the 
indication for the primary procedure in all 55 mUKAs which 
required a reoperation, and 52 (95%) had a mobile- bearing 
design. The demographic characteristics of the patients whose 
mUKA required a reoperation and all primary mUKAs which 
were undertaken during the study period are shown in Table I.

The most common indications for reoperation were peripros-
thetic fracture (n = 16; 0.7% (95% CI 0.4 to 1.1)), PJI (n = 13; 
0.5% (95% CI 0.3 to 0.9)), and bearing dislocation (n = 9; 0.4% 
(95% CI 0.2 to 0.7)) (Table II).

A total of 16 of the 55 patients (55 mUKAs) who under-
went a reoperation had a second reoperation at a median time 
from the first reoperation of eight months (IQR 2.7 to 7.3), and 
two patients (two mUKAs) required a third reoperation. The 
most frequent type of reoperation was revision to a TKA (n = 
22; 40%). The types of reoperations are shown in Table III. A 
total of 29 patients (29 mUKAs; 53%) who underwent a reop-
eration retained their mUKA following their first reoperation 
(Table IV), and 18 (18 mUKAs; 33%) retained their mUKA 
following subsequent reoperations.

Of the 16 (0.7%) periprosthetic fractures, six were treated 
with ORIF and ten required revision to a TKA (five to a 
CR- TKA, four to a CCK- TKA, and one to a PS- TKA). Subse-
quently, all six patients (six mUKAs) who were treated with 
ORIF had further operations; five were revised to a TKA (four 
within one year of primary surgery) and one retained the mUKA 
but had osteosynthetic material removed. A total of 11 fractures 
occurred in females and ten in patients aged > 70 years.

Subsidence occurred in four mUKAs (four patients; 0.2%); 
two (in two patients) were revised with exchange of liner (3 
mm to 5 mm and 3 mm to 9 mm) and two (in two patients) were 
revised to a TKA.

There were 13 PJIs (in 13 patients; 0.5%). Of these, ten (in 
ten patients) were treated with soft- tissue revision and exchange 
of liner (DAIR), two (in two patients) were treated with a two- 
stage revision and a spacer, and one underwent one- stage revi-
sion. Of the ten DAIR procedures, four patients (four mUKAs) 
subsequently underwent either a one- or two- stage revision due 
to persistent infection.

There were nine bearing dislocations (in nine patients; 
0.4%), all treated with exchange of liner. The upsizing of the 
liner from the primary to the revision procedure is shown in 
Supplementary Table ii. Based on the proposed sizes which 
were recommended,19 seven of the nine bearing dislocations 
occurred in patients in whom the femoral component may have 
been undersized. One patient had a PJI after an initial revision. 
Two patients (two mUKAs) required further revision due to 
subsequent dislocations; both underwent revision to a TKA.

Discussion
We found that 2.3% of mUKAs required a further operation 
within one year. The most frequent indications for a further 
operation were periprosthetic fracture, PJI, and bearing dislo-
cation. A total of 29 (33%) retained their mUKA after these 
further operations. Periprosthetic fractures were usually treated 
by revision to a TKA. PJIs were usually treated with DAIR. 
All bearing dislocations were revised with an increased size  
of liner.

A previous study investigating further operations after 
mUKA within 90 days of surgery from Danish arthroplasty 
centres found lower rates of further operations than in our 
study,9 which was probably due to the shorter follow- up. 
 Periprosthetic fractures and PJIs were also among the leading 
indications for further surgery. Aseptic loosening has been 
reported to be an issue within the first five years after mUKA.20 
We found very few cases of aseptic loosening. This could, in 
part, be explained by a recent move towards using uncemented 
mUKA  components.12 These have been found to reduce the rate 
of aseptic loosening.21

Periprosthetic fracture occurred in 16 patients (16 mUKAs; 
0.7%) within one year of surgery. Our findings suggest that 
elderly female patients are particularly at risk of this compli-
cation. This is not unexpected given the well- established risk 
of poor bone mineral density and low- energy fractures in post-
menopausal females.22 However, patient factors do not only 
determine the risk.

Errors in key steps of the operation have been reported to 
increase the risk of periprosthetic fracture. These include the 
placement of the sagittal tibial cut, the depth of the horizontal 
tibial cut, the preparation of the keel, and the implantation of 
the components.23–26 During the sagittal cut, it is possible to 
angle the saw blade into the posterior cortex, decreasing the 
maximal load the supporting bone can tolerate before a frac-
ture occurs.23,24 This is an issue, especially for inexperienced 
surgeons, as excessive sagittal cuts were found in 18% of arti-
ficial bone models used during a UKA instructional course.27 
Performing the sagittal cut too far medial of the medial ridge 
of the tibial eminence decreases bone cover and results in the 
use of smaller sizes of component, which increases the risk of 
fracture.28,29 Similarly, the risk of fracture increases when the 
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Figure showing the impact of undersizing the femoral component. a) 
Two femoral components, one undersized (dark grey) and one optimally 
sized (light grey), implanted with balanced flexion gaps, illustrated 
by dotted lines. b) Due to the smaller diameter of the curve of the 
undersized component, the gap becomes tighter during mid- flexion. 
The red dotted line shows the contour of the optimally sized component 
and the protrusion of the undersized component beyond it. c) The two 
components implanted with balanced extension gaps.




