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Abstract

[hazard ratio 1.54 (95% Cl 0.5-4.5)].

weight loss after BS or the risk of revision after TKA.

Background Patients with obesity have a higher risk of complications after total knee arthroplasty (TKA). We investi-
gated the change in weight 1 and 2 years post-Bariatric Surgery (BS) in patients that had undergone both TKA and BS
as well as the risk of revision after TKA based on if BS was performed before or after the TKA.

Methods Patients who had undergone BS within 2 years before or after TKA were identified from the Scandina-
vian Obesity Surgery Register (SOReg) and the Swedish Knee Arthroplasty Register (SKAR) between 2007 and 2019
and 2009 and 2020, respectively. The cohort was divided into two groups; patients who underwent TKA before BS
(TKA-BS) and patients who underwent BS before TKA (BS-TKA). Multilinear regression analysis and a Cox proportional
hazards model were used to analyze weight change after BS and the risk of revision after TKA.

Results Of the 584 patients included in the study, 119 patients underwent TKA before BS and 465 underwent BS
before TKA. No association was detected between the sequence of surgery and total weight loss 1 and 2 years post-
BS, —0.1 (95% confidence interval (Cl), — 1.7 to 1.5) and — 1.2 (95% Cl, — 5.2 to 2.9), or the risk of revision after TKA

Conclusion The sequence of surgery in patients undergoing both BS and TKA does not appear to be associated with
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Background
Obesity is a global epidemic [1] and the prevalence has
increased extensively over the past decades [2]. Obesity
is also associated with dramatically increased morbidity
and mortality [3] and is one of the most prominent risk
factors for developing osteoarthritis (OA) [4]. The most
effective method to counteract severe obesity, with its
related comorbidities, is bariatric surgery (BS) [3].

Previous studies have described an increased overall
risk of revision after total knee arthroplasty (TKA) in
obese patients [5-7].

Both obesity and knee OA are prevalent conditions
and as obesity rates continue to rise, the risk of devel-
oping knee OA also increases. As such, BS and TKA
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are important and potentially life-changing interven-
tions, but it is important to determine the best sequence
of action when both interventions are indicated. Given
the difficulty of managing obesity, it would be benefi-
cial to determine whether undergoing TKA prior to BS
could aid in weight loss. Potentially, TKA prior to BS
may facilitate improved postoperative rehabilitation and
physical activity, thereby contributing to superior weight
outcomes for patients. Additionally, performing BS prior
to TKA could be hypothesized to reduce the risk of revi-
sion after TKA, given that obesity is associated with an
increased risk of revision. Therefore, the aim of this study
is to investigate if the sequence of surgery affects weight
loss, measured 1 and 2 years post-BS, as well as the risk
for revision after TKA.

Methods

The Scandinavian Obesity Surgery Register (SOReg) was
used to identify patients who underwent BS, defined
as gastric bypass or sleeve gastrectomy, between 2007
and 2019. These patients were linked to the Swedish
Knee Arthroplasty Register (SKAR) using patients’ per-
sonal identification number (PIN), which are unique to
every citizen in Sweden. Patients were eligible for inclu-
sion if they had undergone a primary TKA due to OA
between 2009-2020 and BS within 2 years before (BS-
TKA) or after their TKA (TKA-BS).

Body Mass Index (BMI), age, the American Society
of Anesthesiologists (ASA) classification at the time of
TKA, information pertaining to later revisions, date of
death, and emigration status were obtained from SKAR.
BMI (height and weight), age, sex, type of surgery, and
weight 1 and 2 years post-BS were obtained from SOReg.
Patients with a missing BMI prior to BS or TKA were
excluded. In patients who had staged bilateral TKA, with
both being performed prior to the BS, the second TKA
was included. In patients who had undergone staged
bilateral TKA with both TKAs being performed after the
BS, the first TKA was included.

When analyzing the change in weight, patients who
had undergone TKA on both knees, where one was
performed before the BS and the other one was per-
formed after the BS, were only included in the BS-TKA
group, as their knee OA could not be considered defini-
tively treated until the second TKA was performed.
When analyzing the risk of revision, both TKAs were
included.

The outcome measures for this study were weight
change after BS and revision after TKA. Weight change,
assessed 1 and 2 years post-BS, was evaluated using the
following parameters: change in BMI, total weight loss
(TWL), and excess BMI loss (EBMIL). Additionally, revi-
sion was defined as a surgical procedure performed for
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any reason on an already resurfaced knee, where one or
more of the components are exchanged, removed, or
added, including arthrodesis and amputation.

Statistics

The patients were divided into two groups depending on
if they underwent TKA before or after BS: TKA-BS and
BS-TKA. When comparing demographics and clinical
characteristics between the cohorts; categorical variables
were reported as counts and percentages while continu-
ous variables were reported as means and standard devi-
ations (SDs) or medians and interquartile ranges (IQRs).
To evaluate the statistical significance of differences
between the groups, Pearson’s Chi-squared test was used
for categorical variables. For continuous variables, the
Student’s t-test was used for normally distributed data,
otherwise the Mann—Whitney U-test was applied.

The outcome measures of interest were weight change 1
and 2 years post-BS and revision after the primary TKA.
In order to adjust for potential confounding, multilin-
ear regression analysis was employed to determine the
change in BMIL, TWL (%), and EBMIL (%), based on the
sequence of surgery. The regression models were adjusted
for type of BS, sex, age and BMI at the time of BS. A Cox
proportional hazards model was used to estimate the risk
of revision for any reason and adjusting for sex, age, and
BMI. Age and BMI at the time for the primary TKA were
used in the adjustment in the Cox proportional hazards
model.

Results of the multilinear regression models were
reported as the average change in BMI, TQL, and
EBMIL while the results of the Cox proportional hazards
model were reported using a hazard ratio (HR). All val-
ues were presented with corresponding 95% confidence
intervals (CI). Statistical significance was defined as a
two-sided p value of less than 0.05. All analyses were per-
formed using Statistical Package for the Social Sciences.

Results

Of the 570 patients included in the analyses investigating
the change in weight, 105 patients had undergone TKA
for OA prior to BS and were included in the TKA-BS
group while 465 patients underwent TKA for OA follow-
ing BS and were included in the BS-TKA group (Fig. 1).
The majority of the patients were women in both groups
and the patients in the BS-TKA group were on average 2
years younger (Table 1). The median time between TKA
and BS was 13 months in both groups.

No statistically significant differences were detected in
TWL or EBMIL 1 year post-BS, while an increased BMI-
loss was observed in the BS-TKA group compared to
the TKA-BS group [BMI-loss of 12.5 and 11.3 (Beta 1.3,
95% CI 0.4-2.1)]. However, the difference was no longer
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67,551 patients with correct Swedish ID
number in SOReg eligible for the study

]

ka5

2,247 patients with 3,060
knee arthroplasties in SKAR

B5TkA

827 knee
arthroplasties

397 before 2009
and other than TKA \
430 ‘
74 bilateral TKA
356 ‘
222 TKA >2 years
before BS
134 ‘
11 TKA due to other
reasons than OA
123 ‘
4 with missing BMI
values
119

2,233 knee
arthroplasties after

251 before 2009
and other than TKA
‘ 1982
439 bilateral TKA
‘ 1543
1,057 TKA >2 years
after BS
‘ 486
18 TKA due to other
reasons than OA
‘ 468
3 with missing BMI
values
465

105 included in
weight-endpoints

119 included in TKA
revision endpoint

465 included in
weight-endpoints

465 included in TKA
revision endpoint

Fig. 1 Flow chart of the study population

Table 1 Patient characteristics at BS

TKA-BS BS-TKA p value
N=105 N =465
Age in years, mean (SD) 57 (5.8) 55(6.8) 0.015
Sex, n (%) 0.807
Female 80 (76%) 349 (75%)
Male 25 (24%) 116 (25%)
BMI, mean (SD) 40.5 (4.5) 43.1(4.9) <0.001

Nnumber; SD standard deviation; BMI/Body Mass Index; TKA total knee
arthroplasty; BS bariatric surgery

significant when adjusting for the potential confounders
(Beta —0.06, 95% CI —0.8 to 0.6). 2 years post-BS, no
statistically significant difference was found in BMI-loss,
TWL or EBMIL (Table 2).

The median weight change between TKA and BS in the
TKA-BS group was a 5 kg (IQR 2-10) gain in weight and
the median change in TWL was a 4.2% (IQR 1.6—
9.7) increase in TWL. The mean weight change between
BS and TKA in the BS-TKA group was a 33 kg (SD 13)
loss in weight and the mean change in TWL was a 27%
(SD 8) decrease in TWL.

When analyzing the risk of revision, 119 patients were
included in the TKA-BS group and 465 patients were
included in the BS-TKA group (Table 3). The median
follow-up time was 39 months in the TKA-BS group and
24 months in the BS-TKA group. Five patients in the
TKA-BS group (4.2%) underwent a TKA revision, while
26 patients in the BS-TKA group (5.6%) underwent a
revision. No statistically significant difference in the risk
of revision was detected when comparing the cohorts
[HR 1.5 (95% CI 0.5-4.5)] (Table 4).

Discussion
This is the first study evaluating weight change after BS in
patients who have undergone TKA either before or after
BS. Furthermore, this is the largest study evaluating the
association between the sequence of surgery and the risk
of revision after TKA. The analyses were not able to
identify an association between the sequence of surgery
and weight change up to 2 years post-BS. Moreover, the
sequence of surgery did not appear to be related to the
risk of revision following TKA.

Previous studies investigating weight change after
TKA have presented varying results [8—10]. Teichtal
et al. observed 29 patients who had undergone TKA
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Table 2 Weight change after bariatric surgery depending on sequence of surgery
BS-TKA TKA-BS Univariate regression Adjusted regression
N Mean+SD N Mean+SD B (95% Cl) p-value B" (95% Cl) p-value
1 year
BMl-loss 431 125+£39 96 113+£33 1.257 (0414 t0 2.1) 0.004 —0.059 (—0.760 to 0.642) 0.868
TWL, % 431 287+£75 96 276+£70 1.2(—=05t028) 0.170 —01(=17t015) 0.873
EBMIL, % 431 7044194 95 746+19.8 —42(=85t00.1) 0.058 —12(=52t029) 0570
2 years
BMl-loss 351 124+£44 75 114+£39 0.994 (—0.095 to 2.082) 0.073 —0.152 (—1.038 t0 0.734) 0.737
TWL, % 351 288+£89 75 280+£84 0.7(—15t029) 0.522 —04(—25t016) 0.697
EBMIL, % 351 71.3£224 74 76.0£23.7 —4.7(=1041t01.0) 0.103 —23(—=75t03.0) 0399

Nnumber; SD standard deviation; C/ confidence interval; BMIBody Mass Index; TWL total weight loss; EBMIL excess BMI-loss; TKA total knee arthroplasty; BS bariatric

surgery

1=Based on linear regression model, adjusted for age at bariatric surgery, sex, preoperative BMI and surgical method; Beta value for BS first compared to TKA first

Table 3 Patient characteristics at TKA surgery

TKA-BS BS-TKA p value
N=119 N=465
Age in years, mean (SD) 56 (5.7) 57 (6.8) 0.516
Sex, n (%) 0.749
Female 91 (76%) 349 (75%)
Male 28 (24%) 116 (25%)
ASA-classification, n (%) 0.12
1 10 (8%) 55 (12%)
2 74 (62%) 312 (67%)
>3 35 (30%) 98 (21%)
BMI, mean (SD) 38 (4.6) 31 (44) <0.001

Nnumber; SD standard deviation; TKA total knee arthroplasty; BS Bariatric
surgery; ASA American Society of Anaesthesiologists; BMI/Body Mass Index

for 6 months postoperatively, with a mean BMI of 31.5
at the time of TKA. The majority of the patients (59%)
lost weight (>0 kg). When using 5% as a threshold for a
clinically significant change in weight, 38% of the TKA
patients had lost weight after the procedure. Further-
more, 35% of the patients had gained weight after the
TKA (>0 kg). The mean BMI change was —1.07 (SD
1.80) corresponding to 3.3% (SD 5.7) reduction in weight
[8]. In the current study, the median change of weight
after TKA was found to be a gain of 5 kg in the TKA-
BS group. Ast et al. reviewed 3,036 patients who under-
went TKA with a mean BMI of 30.2 at the time of TKA.
2 years postoperatively, no change in BMI was seen in
69% of the patients [9]. In the current study, the patients
in the TKA-BS group had a median weight gain of 4%.
Inacio et al. assessed the change in weight before and
after TKA or total hip arthroplasty (THA). They dem-
onstrated that most of the patients who underwent TKA
(68.5% of 20,060) exhibited an unchanged weight after
the procedure, when defining a change of 5% as clinically

Table 4 Adjusted HR for the risk of revision after primary TKA

N HR (95% CI) p-value
TKA-BS 119 Reference Reference
BS-TKA 465 1.540 (0.526 to 4.509) 0430

HR hazard ratio; Nnumber; C/ confidence interval; TKA total knee arthroplasty; BS
bariatric surgery

significant. Nevertheless, these studies investigated
patients with a lower BMI compared to our study, since
all of the patients who underwent TKA prior to BS in our
study where candidates for BS [10]. Nearing et al. (2017)
evaluated the outcomes after TKA/THA in patients who
had undergone BS either before or after their TKA/THA.
This study included 102 patients who received a TKA/
THA. TKA /THAs were performed at a mean of 4.9 years
before and 4.3 years after BS. Obesity-related co-mor-
bidities were similar between the two groups. Patients
who underwent TKA/THA before BS demonstrated an
average increase in BMI of 2.6 between the TKA/THA
and BS, which is in line with our results. However, they
found that patients who underwent TKA/THA after BS
had a statistically significant lower BMI 1 year after the
TKA/THA, compared to patients who underwent TKA/
THA before BS [11]. However, in our study, we compared
patients’ weight 1-year post-BS instead of post-TKA. In
a recently published randomized controlled trial ana-
lyzing the change in BMI and weight 1 year after TKA,
the intervention group who received BS prior to TKA
had a significantly greater BMI loss (— 6) and weight loss
(—16.5 kg) compared to the patients who underwent
“treatment as usual” before TKA. However, 2/41 patients
did not undergo BS prior to their TKA, and 12/41 did
not undergo any TKA in the intervention group, but
were still included in the intention to treat analysis. Fur-
thermore, the majority of the patient in the intervention
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group underwent gastric banding which differs from the
BS performed in the current study [12].

In a relatively recent systemic review, obesity was
shown to increase the risk of revision following TKA [7].
Sezgin et al. found that obesity was associated with an
increased overall risk of revision and revision due to
infection, but could not show the same relationship for
revision for reasons other than infection [13]. Since BS is
an effective method of obtaining long-term weight loss
[3], it is reasonable to believe that BS prior to TKA could
reduce the risk of revision. However, in a previous study
we did not find any association between a reduced risk
of revision in patients undergoing BS prior to TKA [14].
Risk of revision based on the sequence of surgery has also
been studied, demonstrating similar results to the cur-
rent investigation [11, 15]. Nearing et al. (2017) did not
detect any difference in the risk of revision, regardless
of the timing of the TKA/THA in relation to the BS. The
mean follow-up time after TKA/THA was 3.2 years in
those who underwent TKA/THA after BS and 9.2 years
in those who underwent TKA/THA before BS. The cur-
rent investigation was limited to a follow-up time of 2
years between the surgeries [11]. In a retrospective study,
Kulkarni et al. (2011) evaluated the risk of revision after
1 year in 53 patients who underwent TKA/THA before
BS and 90 patients who underwent TKA/THA after BS.
No patients who underwent TKA, whether before or
after BS, were reported to have required a revision within
1 year [15].

Despite these negative results, there are other factors
that bear consideration. A recent retrospective cohort
study investigated the risk of medical complications after
the second operation in patients who underwent both BS
and TKA/THA. When adjusting for comorbidities, their
results indicated that BS before TKA/THA was associ-
ated with improved postoperative outcomes. However,
they did not include revision of TKA in their outcomes
[16].

Although the present study carries the benefits of using
a nationwide cohort based on prospectively collected
data from two high-quality sources [17, 18] it is not with-
out limitations.

The current study is an observational study, thus it
cannot making any claims about causality. Addition-
ally, another significant limitation is the absence of
data on comorbidities which were not available and
thus not included in the analyses. Although the study
utilizes the American Society of Anesthesiologists clas-
sification obtained from SKAR and the obesity surgery
mortality risk score (OS-MRS) obtained from SOReg,
these variables were not adjusted for in the regres-
sion model due to their interaction with BMI. [19, 20]
Despite these limitations, it should be noted that the
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patients included in the study underwent elective sur-
geries and were optimized prior to the procedures by
both the surgeon and anesthesiologist. The majority
of the patients in both groups were classified as ASA
2 prior to the TKA. Additionally, to reduce the risk of
confounding health factors affecting the outcome, the
cut-off time between the two surgical procedures was
set to 2 years. Finally, it is important to note that the
95% Cls are relatively wide, which may suggest a poten-
tial problem with achieving sufficient statistical power.

Conclusion

The sequence of surgery in patients undergoing both BS
and TKA does not appear to affect the weight loss after
BS or the risk of revision after TKA. However, further
study is required before changes can be made to rele-
vant guidelines.

Abbreviations

ASA American Society of Anesthesiologists
BMI Body Mass Index

BS Bariatric surgery

@] Confidence interval

EBMIL Excess BMI loss

IQR Interquartile range

OA Osteoarthritis

OS-MRS  Obesity surgery mortality risk score
PIN Personal identification number

SD Standard deviation

SKAR Swedish Knee Arthroplasty Register
SOReg Scandinavian Obesity Surgery Register
THA Total hip arthroplasty

TKA Total knee arthroplasty

TWL Total weight loss

Acknowledgements
Not applicable.

Author contributions

All authors conceived and designed the study. PIA, AWD and ES performed
the analyses. All authors contributed to the interpretation of the data. PIA and
AWD wrote the initial draft. All authors contributed to revision of the manu-
script. All authors read and approved the final manuscript.

Funding

Open access funding provided by Orebro University. The study was supported
by research grants from Region Orebro ldn. The supporting agent did not have
any influence on the contents of this article.

Availability of data and materials

Data cannot be shared publicly because of patient confidentiality under
current Swedish legislation. Data are available from the Scandinavian Obesity
Surgery Registry (contact via soreg@regionorebrolan.se), for researchers who
meet the criteria for access to confidential data.

Declarations

Ethics approval and consent to participate

The study was conducted in accordance with the ethical standards of the
1964 Helsinki Declaration and its later amendments and with the approval of
the Swedish Ethical Review authority (2018/134, 2021-02736).



Ighani Arani et al. BMC Surgery (2023) 23:53

Consent for publication
Not applicable.

Competing interests
The authors have no conflicts of interest to report.

Received: 20 August 2022 Accepted: 28 February 2023
Published online: 10 March 2023

References

1. Obesity: preventing and managing the global epidemic. Report of a
WHO consultation. World Health Organ Tech Rep Ser. 2000;894:i—xii,
1-253.

2. Jaacks LM, Vandevijvere S, Pan A, McGowan CJ, Wallace C, Imamura F,
et al. The obesity transition: stages of the global epidemic. Lancet Diabe-
tes Endocrinol. 2019;7:231-40.

3. Sjostrom L. Review of the key results from the Swedish Obese Subjects
(SOS) trial—a prospective controlled intervention study of bariatric
surgery. J Intern Med. 2013;273:219-34.

4. Dieppe PA, Lohmander LS. Pathogenesis and management of pain in
osteoarthritis. Lancet. 2005;365:965-73.

5. Tohidi M, Brogly SB, Lajkosz K, Grant HJ, VanDenKerkhof EG, Campbell AR.
Ten-year mortality and revision after total knee arthroplasty in morbidly
obese patients. J Arthroplasty. 2018;33:2518-23.

6. Roche M, Law TY, Kurowicki J, Rosas S, Rush AlJ. Effect of obesity on total
knee arthroplasty costs and revision rate. J Knee Surg. 2018;31:38-42.

7. Boyce L, Prasad A, Barrett M, Dawson-Bowling S, Millington S, Hanna
SA, et al. The outcomes of total knee arthroplasty in morbidly obese
patients: a systematic review of the literature. Arch Orthop Trauma Surg.
2019;139:553-60.

8. Teichtahl AJ, Quirk E, Harding P, Holland AE, Delany C, Hinman RS, et al.
Weight change following knee and hip joint arthroplasty-a six-month
prospective study of adults with osteoarthritis. BMC Musculoskelet
Disord. 2015;16:137.

9. Ast MP, Abdel MP, Lee Y-Y, Lyman S, Ruel AV, Westrich GH. Weight changes
after total hip or knee arthroplasty: prevalence, predictors, and effects on
outcomes. J Bone Jt Surg Am. 2015;97:911-9.

10. Inacio MC, Silverstein DK, Raman R, Macera CA, Nichols JF, Shaffer RA,
et al. Weight patterns before and after total joint arthroplasty and charac-
teristics associated with weight change. Perm J. 2014;18:25-31.

11. Nearing EE, Santos TM, Topolski MS, Borgert AJ, Kallies KJ, Kothari SN. Ben-
efits of bariatric surgery before elective total joint arthroplasty: is there a
role for weight loss optimization? Surg Obes Relat Dis. 2017;13:457-62.

12. Dowsey MM, Brown WA, Cochrane A, Burton PR, Liew D, Choong PF.
Effect of bariatric surgery on risk of complications after total knee arthro-
plasty: a randomized clinical trial. JAMA Netw Open. 2022;5: €226722.

13 Sezgin EA, W-Dahl A, Lidgren L, Robertsson O. Weight and height sepa-
rated provide better understanding than BMI on the risk of revision after
total knee arthroplasty: report of 107,228 primary total knee arthroplast-
ies from the Swedish Knee Arthroplasty Register 2009-2017. Acta Orthop.
2020;91:94-7.

14. IghaniArani P, Wretenberg P, Ottosson J, Robertsson O, W-Dahl A. Bariatric
surgery prior to total knee arthroplasty is not associated with lower risk of
revision: a register-based study of 441 patients. Acta Orthop. 2020;92:1-5.

15. Kulkarni A, Jameson SS, James P, Woodcock S, Muller S, Reed MR. Does
bariatric surgery prior to lower limb joint replacement reduce complica-
tions? Surgeon. 2011;9:18-21.

16. LiuJ, Zhong H, Poeran J, Sculco PK, Kim DH, Memtsoudis SG. Bariatric
surgery and total knee/hip arthroplasty: an analysis of the impact of
sequence and timing on outcomes. Reg Anesth Pain Med. 2021;46:941-5.

17. SKAR. SKAR. The Swedish knee arthroplasty register-annual report 2020.
2020.

18. SOReg. SOReg. The Scandinavian obesity surgery registry. Annual report
2018, part 3/3.2018.

19. Doyle DJ, Garmon EH. American society of anesthesiologists classification
(ASA Class). In: StatPearls. Treasure Island (FL); 2020.

20. Owens WD, Felts JA, Spitznagel EL. ASA physical status classifications: a
study of consistency of ratings. Anesthesiology. 1978;49:239-43.

Page 6 of 6

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Total knee arthroplasty and bariatric surgery: change in BMI and risk of revision depending on sequence of surgery
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Statistics

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


