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Abstract
Background: Unicompartmental knee arthroplasty (UKA) is performed as an alternative to total knee arthroplasty (TKA) and high
tibial osteotomy for unicompartmental osteoarthritis.
Objectives: We examined whether the tolerable range of component malalignment is narrower in obese (BMI > 30) or in nonobese
patients.
Methods: We performed 163 consecutive all-poly medial UKA from 01/01/1995 to 31/10/2003. We examined 83 patients (88 knees) with
a minimal follow-up period of 10 years. We examined the correlation between limb- and component malalignment and clinical
outcome separately in the obese (67 knees) and nonobese (21 knees) groups.
Results: The 10-year prothesis survival was 92.8%, and 9 UKA were converted to total knee arthroplasty. The average time for revision
was 84.44 (48 to 144) months. The 8 obese and 1 nonobese patients had slightly higher BMI (33.47) than the 83 long-term followed patients (31.72). In each of these 9 patients, knee score and functional score were poor. At every revision, we used stems and augments.
In the obese group, the prosthetic joint space depression correlated with fair and poor knee and functional scores, the prosthetic
joint space elevation correlated with degenerative changes in the lateral tibiofemoral joint.
Conclusions: In the obese group, we noted at least 2 mm of prosthetic joint space depression in all of the 8 failed knees, and 4
mm or more than 4 mm in 6 cases. We hypothesize that the reason fot the subsidence of the tibial component is the increased
loading because of prosthetic joint space depression. The result of this study suggests that tibial component positioning which
provides an optimal level of prosthetic joint space reduces the risk of failure in medial UKA, prevents degenerative changes in lateral
tibiofemoral joint, and provides better long-term clinical outcome.
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1. Background
The (UKA) is performed as an alternative to total knee
arthroplasty (TKA) and high tibial osteotomy for unicompartmental osteoarthritis (1).
Optimally, after medial UKA, the tibial component is
positioned just medial to the apex of the medial spine. It
should extend to the medial margin of the tibia or overhang by up to 2 mm (2, 3). There is no height difference
between the line of tibial component joint surface and the
lateral tibiofemoral joint space (LTF), the tibial component
joint surface is parallel with the LTF joint space (4, 5) and
there is no change in tibial slope (TS) compared with the
preoperative position in the sagittal plane (4, 5). In frontal

plane, the femoral component is perpendicular to the tibial component joint surface (4, 5), the component is positioned centrally on the medial femoral condyle (6), in sagittal plane the anterior edge of femoral component is in the
same level with the line of the remaining cartilage (7).
Several articles have been published about the range of
acceptable components’ malalignment (3-6, 8-11).

2. Objectives
We hypothesized that obese patients tolerate a
narrower range of components’ malalignment than
nonobese patients, our purpose was to determine the
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long-term tolerable range of components’ malalignment
in obese patients.

3. Methods
3.1. Patients
A total of 163 consecutive medial UKA were performed
from 01/ 04/ 1995 to 01 /10 /2003 at the department of orthopedic surgery, borsod county teaching hospital, Miskolc,
Hungary. A total of 12 patients did not have adequate
follow-up radiographs, in 9 patients UKA was converted to
TKA, and 2 patients were excluded because of postoperative infection. A total of 36 patients (38 knees) died within
10 years after the surgery with the implant in place and
functioning, and 12 patients (14 knees) were lost to the final follow-up.
At a minimum follow-up period of 10 years, 83 patients (88 knees) were examined retrospectively, including
15 men (15 knees) and 68 women (73 knees). Mean age at
the time of the surgery was 62.27 (47-71) years. A total of
19 nonobese (21 knees) and 64 obese (BMI > 30) patients
(67 knees) were examined. The mean follow-up period was
155.41 (120 - 222) months.
3.2. Selection Criteria
Selection criteria were as follows: medial unicompartmental OA, radiographic evidence of preservation of the
LTF and lateral patellofemoral joint, intact anterior cruciate and collateral ligaments, preoperative flexion contracture < 10°, preoperative anatomical femorotibial angle
(FTA) < 185°, the osseal deformity < 5°, (the difference between FTA and femoral condylar-tibial plateau angle (FCTP) is less than 180 degrees), range of motion of at least
110°. FC-TP: the lateral angle between the tangent to the
subchondral plate of the femoral condyles and the tangent
to the subchondral plate of the tibial plateau (12).
3.3. Exclusion Criteria
The exclusion criteria were inflammatory arthritis and
tibiofemoral subluxation. No patient was excluded based
on age and excessive BMI.
3.4. Material
The Metrimed unicompartmental cemented knee system (Metrimed, Hodmezovasarhely, Hungary) was used in
each procedure. The femoral components were resurfacing type chromium-cobalt-molibdene alloy, the tibial components were all poly type. The femoral components were
available in 7 sizes and the tibial components were available in 5 thicknesses (6 - 8 - 10 - 12 - 14 mm).
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3.5. Method
The operative goal was the optimal positioning of the
components as detailed in the introduction. To avoid overcorrection, we left about 2 mm laxity medially. All procedures were performed through a standard medial parapatellar approach.
In the preoperative weight bearing anteroposterior radiograph, we mesaured the FTA (FTA ≤ 174° means valgus, a
FTA ≥ 176° means varus (13)), and in the lateral radiograph,
we measured the TS (the angle between the tangent to the
medial tibial plateau and the perpendicular line of the axis
of the tibia) (14).
At the final follow-up, on weight bearing anteroposterior radiograph - besides FTA - , we measured the height difference between the tangent to the tibial component joint
surface and the LTF joint space (4). Prosthetic joint space
depression (PJSD) happens if the prosthetic joint surface is
in a lower position than the lateral LTF joint space (negative
value), and prosthetic joint space elevation (PJSE) happens
if it is in a higher position (positive value).
We measured the obliquity of the tibial component
(the angle between the tangent to the tibial component
and the tangent to the LTF joint space) (4). If the 2 tangents
are parallel with each other, the obliquity is 0 degree, and
positive value indicated varus.
We measured the intraprosthetic divergence (the angle between the longitudinal axis of the femoral component and the line perpendicular to the tangent to the tibial
component) (4). Medial inclination of the proximal part of
the femoral profile indicated varus.
We measured the mediolateral position of the femoral
component in the medial femoral condyle; negative value
indicated that the component was in a medialised position.
We evaluated the arthritic progression in the LTF joint
according to Berger (9). Grade 1: evidence of arthritic
changes without loss of joint space, Grade 2: ≤ 25%, Grade
3: ≤ 50%, Grade 4: > 50% loss of joint space.
At the final follow-up, clinical outcome was evaluated
with use of the modified knee society (15) knee and functional score (KS, FS).
We examined the radiological reasons for early failure
of UKA, we compared the clinical outcome in the following subgroups: 1, obese (BMI > 30), nonobese; 2, older
or younger than 60; 3, male and female patients. We
examined what range of components’ malalignment affected long-term clinical outcome in obese and nonobese
patients.
Statistical analysis was carried out using SigmaStat 3.5
(Systat software Inc., San Jose, California, USA). Differences
between two groups were assessed using student’s t-test,
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or Mann-Whitney ranksum test when a variable was not
normally distributed. To determine if there was a statistically detectable correlation between parameters, Pearson’s linear regression analysis was performed for continuous variable, and Fisher’s exact test for dichotomous variables. In addition, age and BMI were also classified as high
or low (with limits of 60 years and 30, respectively) and
used as binary variables for binary logistic regression. A
further binary variable, “outcome”, was also generated allocating the value “good” to all patients with both KS and
FS above 70, and “fair and poor” to the rest. Survival versus
failure of prostheses was also treated as a binary variable.
These variables were used in stepwise backward multiple
logistic regression to identify the main predictors of outcome. Here, F = 4 was the condition for entering and F = 3.9
for removing co-variates, and BMI was assessed but as an
optional and a forced variable. To determine a meaningful
cut-off level for using BMI as a dichotomous predictor, logit
P = ln (P / (1 - P)) was calculated from logistic regression data,
and the parameter value where the logit P was zero was determined. Prosthesis survival was also evaluated with the
log-rank test, censoring patients with working prosthesis
at their last follow-up event. P < 0.05 was considered significant throughout the research. Power analysis was automatically carried out for each statistical test and was determined as acceptable by SigmaStat.
The study was approved by the independent research
ethic committee.
4. Results
In the long-term followed 83 patients (88 knees), the
mean FTA decreased from 180.91 (172 - 185) degrees to 176.2
(169 - 182) degrees, and the TS decreased from 7.2 (2 - 14) to
6.193 (3 - 10). The mean change in TS was 1.011 (-5 - +4) degrees.
The mean modified postoperative knee score was 82.14
(61 - 100) and the functional score was 76.81 (25 - 100).
Overall, women tended to have better KS (85.4 ± 9.2 vs.
81.5 ± 9.6) and FS (81.2 ± 14.2 vs. 75.9 ± 15.7) scores than
men, but differences were not statistically significant for
either KSS (P = 0.149, t-test) or KSF (P = 0.183, Mann-Whitney
test).
There was no correlation between age and KS or FS
(linear regression, P = 0.699, R2 = 0.002 and P = 0.665,
R2 = 0.002. Splitting patients in above- and below-60 age
groups also revealed no differences in KS and FS (P = 0.390
and P = 0.391 in binary logistic regression, and P = 0.433 and
P = 0.473 in t-test /Mann-Whitney ranksum test).
There was no correlation between BMI and KS or FS using linear regression (P = 0.437, R2 = 0.007 and P = 0.174, R2 =
0.021). When splitting the population along BMI values of
Trauma Mon. 2018; 23(3):e60096.

30, neither KS nor FS differed between the low and high BMI
groups (P = 0.324, test, and P = 0.133, Mann-Whitney test).
To enable the inclusion of failures in statistical evaluation, results were considered good on a binary scale if both
KS and FS were ≥ 70. If either value was below 70 for a surviving prosthesis, or if the prosthesis failed, results were
considered fair and poor.
Using these criteria, PJSD (P = 0.008 and BMI (P = 0.022)
were the main determinants of a good replacement as indicated by backward stepwise logistic regression.
The 10-year prothesis survival rate was 92.8%, and the
12-year prothesis survival rate was 91.8%.
9 UKA (9 patients) were converted to TKA. The average
time of revision was 84.44 (48 - 144) months. The 8 obese
and 1 nonobese patients had slightly higher BMI (33.47)
than the 83 long-term followed patients (31.72). In each
of these 9 patients, knee score and functional score were
poor. In failured knees, prosthetic joint space was in a significantly lower position (-3.88), than in patients with a
long-term follow-up (-0.806); (P < 0.05). At every revsion,
we used stems and augments.
Survival can be predicted from PJSD P < 0.001 and TSdiff, P = 0.002 as revealed by stepwise logistic regression,
both when BMI is an optional or a forced variable. However, BMI is the third important factor in predicting prosthesis failure or success, it is the last variable to be removed
in backward stepwise regression at P = 0.139.
In the long-term followed group (88 knees), the examined radiological parameters did not correlate with each
other. In the obese group, PJSD correlated with fair and
poor knee (linear regression: r = 0.62) and functional score
(linear regression: r = 0.412), arthritic progression in the
LTF joint correlated with PJSE (linear regression: r = 0.292, P
< 0.001). Other examined radiologic parameters neither in
the obese, nor in the nonobese group correlated with fairpoor clinical outcome.

5. Discussion
Several authors examined the correlation between the
BMI and UKA survival (10, 11, 16-21). As far as we know, this
study is the first to examine which component’s malalignment has an effect on medial UKA survival and long-term
clinical outcome in obese patients. Our study has several
limitations. We could examine only 83 (88 knees) of the 154
patients (163 knees) operated between 1995 and 2003. Low
number of revisions made the statistical evaluation difficult.
Sebilo (22) has reported that 10-year prosthesis survival
was significantly better in men than in women, but the IKS
knee and functional score was similar. Tabor (16) has noted
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a lower failure rate in women, but higher knee and functional score in men after a more than 10 year long followup period. At a minimally 10-year-long follow-up, we noted
higher knee and functional score in men than in women,
but the difference was not significant. Considering all 163
knees, we noted higher revision rate in men (10.3%) than in
women (4.5%).
Tabor (16) has not found any significant difference in
clinical outcome and prothesis survival between groups of
patients under and over 60 years of age. Sebilo (22) has reported that functional score was significantly higher in patients under 60 years of age than in patients over this age,
but there was no significant difference in knee score between these two groups. We did not note any significant
difference in knee and functional score between patients
under 60 years of age and in patients over this age. Revision rate was higher in patients under 60 years of age (7.9%)
than those who were over it (4.8%).
In Tabor’s study (16) the ten-year ptothesis survival
rate was higher in obese patients, Thompson (17) reported
lower failure rate in nonobese patients. Bonutti (10) noted
higher revision rate and lower knee and functional score in
obese patients. In our study, there was no significant difference in knee and functional score, but we noted a higher revision rate in obese (6.7%) than in nonobese patients (2.8%).
The reasons for the revision of UKA to TKA are the followings: component loosening (8, 23), progressive arthritis in patellofemoral joint (9, 10) in lateral tibiofemoral
joint (17, 24), PE wear (8, 25), tibia plateau fracture, stress
fracture (10, 25), infection (2, 26), and persistent pain (17,
26).
Several authors’ opinion is that the reason for failures
is component malalignment such as varus-valgus component malalignment (3, 10, 11), more than 6 degrees of intraprosthetic divergence, more than 3 degrees of change in
tibial component’s obliquity and 2 degrees of cange of TS
(4). Chatellard (4) reported that more than 2 mm of prosthetic joint space elevation or depression and more than 5
degrees of residual varus deformity both lead to mechanical failure.
Aleto (8) has reported that anterior tibial collapse is associated with decrease in TS, and posterior tibial collapse
is associated with increase in it. Medial tibial plateau collapse (MTC) is often the reason of failure in all-poly UKAs.
Aleto (8) has performed 59%, O’Donell (27) has performed
58% of revisions from all-poly UKA to TKA because of MTC.
In our study, all of the 9 revisions were performed because
of MTC. Besides MTC, we noted femoral component loosening in 4 patients, and femoral component fracture in 1
patient. In cases of MTC, bony defects were significantly
greater, and implant requirements were more increased
than in cases of other modes of failures (8). We noted MTC
4

in all of the cases. At every revision, we used stems and augments.
Bonutti (10) has hypothesized that the tolerable range
of component malalignment is narrower in obese than in
nonobese patients.
In case of excessive tibial cut, tibial component is
placed to the more fragile cancellous zone, the contact
point of the femoral pad shifts to the periphery of the tibial plateau that leads to tibial loosening (5, 28, 29). Minimal
tibial resection leads to overcorrection, joint line elevation
(30), and - according to our study - to degenerative changes
in lateral tibiofemoral joint.
In the obese group, PJSD closely correlated with fair
and poor knee (r = 0.62) and functional score (r = 0.412),
arthritic progression in the LTF joint correlated with PJSE
(r = 0.292, P < 0.001). In the obese group, we noted at least
2 mm of prosthetic joint space depression in all of the 8
failured knees, and 4 mm or more than 4 mm in 6 cases.
We hypothesize that the reason for the subsidence of tibial
component is the increased loading because of prosthetic
joint space depression. The result of this study suggests
that tibial component positioning which provides optimal
level of prosthetic joint space reduces the risk of early failure in medial UKA and prevents degenerative changes in
lateral tibiofemoral joint.

Footnote
Financial Disclosure: There was no financial support.

References
1. Sarraf KM, Konan S, Pastides PS, Haddad FS, Oussedik S. Bone
loss during revision of unicompartmental to total knee arthroplasty: an analysis of implanted polyethylene thickness from the
National Joint Registry data. J Arthroplasty. 2013;28(9):1571–4. doi:
10.1016/j.arth.2013.02.003. [PubMed: 23538124].
2. Cartier P, Sanouiller J, Grelsamer R. Unicompartmental knee arthroplasty surgery. J Arthroplasty. 1996;11(7):782–8.
3. Mukherjee K, Pandit H, Dodd CA, Ostlere S, Murray DW. The Oxford
unicompartmental knee arthroplasty: a radiological perspective. Clin
Radiol. 2008;63(10):1169–76. doi: 10.1016/j.crad.2007.12.017. [PubMed:
18774366].
4. Chatellard R, Sauleau V, Colmar M, Robert H, Raynaud G, Brilhault
J, et al. Medial unicompartmental knee arthroplasty: does tibial
component position influence clinical outcomes and arthroplasty
survival? Orthop Traumatol Surg Res. 2013;99(4 Suppl):S219–25. doi:
10.1016/j.otsr.2013.03.004. [PubMed: 23622861].
5. Deschamps G, Chol C. Fixed-bearing unicompartmental knee arthroplasty. Patients’ selection and operative technique. Orthop Traumatol Surg Res. 2011;97(6):648–61. doi: 10.1016/j.otsr.2011.08.003. [PubMed:
21945385].
6. Shakespeare D, Ledger M, Kinzel V. Accuracy of implantation of components in the Oxford knee using the minimally invasive approach.
Knee. 2005;12(6):405–9. doi: 10.1016/j.knee.2005.03.003. [PubMed:
15979877].

Trauma Mon. 2018; 23(3):e60096.

Zsakai Z et al.

7. Hernigou P, Deschamps G. Patellar Impingement Following Unicompartmental Arthroplasty. J Bone Joint Surgery. 2002;84(7):1132–7.
8. Aleto TJ, Berend ME, Ritter MA, Faris PM, Meneghini RM. Early failure
of unicompartmental knee arthroplasty leading to revision. J Arthroplasty. 2008;23(2):159–63. doi: 10.1016/j.arth.2007.03.020. [PubMed:
18280406].
9. Berger RA, Meneghini RM, Jacobs JJ, Sheinkop MB, Della Valle CJ,
Rosenberg AG, et al. Results of unicompartmental knee arthroplasty at a minimum of ten years of follow-up. J Bone Joint Surg Am.
2005;87(5):999–1006. doi: 10.2106/JBJS.C.00568. [PubMed: 15866962].
10. Bonutti PM, Goddard MS, Zywiel MG, Khanuja HS, Johnson AJ,
Mont MA. Outcomes of unicompartmental knee arthroplasty stratified by body mass index. J Arthroplasty. 2011;26(8):1149–53. doi:
10.1016/j.arth.2010.11.001. [PubMed: 21256695].
11. Ahn JH, Kang HW, Yang TY, Lee JY. Risk factors of post-operative
malalignment in fixed-bearing medial unicompartmental knee
arthroplasty. Int Orthop. 2016;40(7):1455–63. doi: 10.1007/s00264-0153014-1. [PubMed: 26452679].
12. Terauchi M, Shirakura K, Kobuna K, Fukasawa N. Axial Parameters affecting lower limb alignment after high tibial osteotomy. Clin Orthop
Relat Res. 1995;317:140–9.
13. Papp M, Szabo L, Lazar I, Takacs I, Karolyi Z, Nagy GG, et al. Combined high tibial osteotomy decreases biomechanical changes
radiologically detectable in the sagittal plane compared with
closing-wedge osteotomy. Arthroscopy. 2009;25(4):355–64. doi:
10.1016/j.arthro.2008.10.018. [PubMed: 19341921].
14. Bonin N, Ait Si Selmi T, Dejour D, Neyret P. [Knee para-articular flexion
and extension osteotomies in adults]. Orthopade. 2004;33(2):193–200.
doi: 10.1007/s00132-003-0590-3. [PubMed: 14872311].
15. Insall JN, Dorr LD, Scott RD, Scott WN. Rationale of the Knee Society
clinical rating system. Clin Orthop Relat Res. 1989;(248):13–4. [PubMed:
2805470].
16. Tabor O. Unicompartmental arthroplasty. J Arthroplas. 1998;13(4):373–
9.
17. Thompson SA, Liabaud B, Nellans KW, Geller JA. Factors associated with poor outcomes following unicompartmental knee arthroplasty: redefining the "classic" indications for surgery. J Arthroplasty.
2013;28(9):1561–4. doi: 10.1016/j.arth.2013.02.034. [PubMed: 23523214].
18. Woo YL, Chen YQ, Lai MC, Tay KJ, Chia SL, Lo NN, et al. Does obesity influence early outcome of fixed-bearing unicompartmental knee arthroplasty? J Orthop Surg (Hong Kong). 2017;25(1):2.3094990166843E+15.
doi: 10.1177/2309499016684297. [PubMed: 28366049].
19. van der List JP, Chawla H, Villa JC, Pearle AD. The Role of Patient
Characteristics on the Choice of Unicompartmental versus Total Knee
Arthroplasty in Patients With Medial Osteoarthritis. J Arthroplasty.
2017;32(3):761–6. doi: 10.1016/j.arth.2016.08.015. [PubMed: 27692783].

Trauma Mon. 2018; 23(3):e60096.

20. Haughom BD, Schairer WW, Hellman MD, Nwachukwu BU, Levine BR.
An Analysis of Risk Factors for Short-Term Complication Rates and
Increased Length of Stay Following Unicompartmental Knee Arthroplasty. HSS J. 2015;11(2):112–6. doi: 10.1007/s11420-014-9422-8. [PubMed:
26140029].
21. Zuiderbaan HA, van der List JP, Chawla H, Khamaisy S, Thein R,
Pearle AD. Predictors of Subjective Outcome After Medial Unicompartmental Knee Arthroplasty. J Arthroplasty. 2016;31(7):1453–8. doi:
10.1016/j.arth.2015.12.038. [PubMed: 26928182].
22. Sebilo A, Casin C, Lebel B, Rouvillain JL, Chapuis S, Bonnevialle P, et
al. Clinical and technical factors influencing outcomes of unicompartmental knee arthroplasty: Retrospective multicentre study of
944 knees. Orthop Traumatol Surg Res. 2013;99(4 Suppl):S227–34. doi:
10.1016/j.otsr.2013.02.002. [PubMed: 23623316].
23. Rouanet T, Combes A, Migaud H, Pasquier G. Do bone loss and reconstruction procedures differ at revision of cemented unicompartmental knee prostheses according to the use of metal-back or allpolyethylene tibial component? Orthopaedic Traumatol Surg Res.
2013;99(6):687–92.
24. Azboy I, Demirtas A, Bulut M, Ozturkmen Y, Sukur E, Caniklioglu
M. Long-term results of porous-coated cementless total knee arthroplasty with screw fixation. Acta Orthop Traumatol Turc. 2013;47(5):347–
53. [PubMed: 24164945].
25. Epinette JA, Brunschweiler B, Mertl P, Mole D, Cazenave A, French Society for H, et al. Unicompartmental knee arthroplasty modes of failure: wear is not the main reason for failure: a multicentre study of
418 failed knees. Orthop Traumatol Surg Res. 2012;98(6 Suppl):S124–30.
doi: 10.1016/j.otsr.2012.07.002. [PubMed: 22926294].
26. Berend KR, George J, Lombardi AJ. Unicompartmental knee arthroplasty to total knee arthroplasty conversion: assuring a primary
outcome. Orthopedics. 2009;32(9). doi: 10.3928/01477447-2009072832. [PubMed: 19751000].
27. O’Donnell TM, Abouazza O, Neil MJ. Revision of minimal resection
resurfacing unicondylar knee arthroplasty to total knee arthroplasty:
results compared with primary total knee arthroplasty. J Arthroplasty.
2013;28(1):33–9. doi: 10.1016/j.arth.2012.02.031. [PubMed: 22810012].
28. Bert J. Unicompartmental arthroplasty for unicompartmental knee
arthritis. Techniques in Knee Surgery. 2008;7(1):51–60.
29. Iesaka K, Tsumura H, Sonoda H, Sawatari T, Takasita M, Torisu T. The
effects of tibial component inclination on bone stress after unicompartmental knee arthroplasty. J Biomech. 2002;35(7):969–74. [PubMed:
12052399].
30. Keblish P. Surgical techniques in the performance of unicompartmental arthroplasties. Operative Techniques Orthopaedics.
1998;8(3):134–45.

5

