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Aim: Total joint arthroplasty (TJA) with multi-layer, watertight closure (MLWC) using knotless barbed
suture and 2-octyl cyanoacrylate plus polymer mesh tape was compared with conventional closure (CC)
using Vicryl™ sutures and staples. Patients & methods: Electronic medical records of patients undergoing
TJA (1574: total knee arthroplasty; 580: total hip arthroplasty; 13: unknown) from a single surgeon at
a US hospital (CC 2011 to 2013; MLWC 2015 to 2020) were reviewed. Outcomes were length of stay
(LOS), discharge to skilled nursing facility (SNF), 90-day surgical site infection (SSI) and 90-day readmission.
Logistic regression controlled for baseline characteristics. Adjusted interrupted time series (ITS) analyses
accounted for decreasing trends in LOS and SNF discharge over time. Results: Among 2167 TJA cases
(mean [standard deviation] age 66.0 [9.7] years, 53.3% female), 906 received CC and 1261 received
MLWC. Bivariate analysis showed no statistically significant differences in 90-day SSI rates; however, MLWC
patients had 60% lower 90-day readmission rates (1.5 vs 3.8%, p < 0.05), 44% lower LOS (1.4 vs 2.5 days,
p < 0.05) and 40% lower discharge rates to a skilled care facility (8.5 vs 14.1%, p < 0.05). Multivariable
analyses showed CC patients were 2.45-times more likely to be readmitted within 90 days, 1.88-times
more likely to be discharged to SNF and had 1.67-times longer LOS compared with MLWC. ITS analyses
showed a sharp decline in LOS (0.9 days) and discharge to SNF (5.6% incidence) after implementation of
MLWC, followed by no further changes for the remainder of the study period. Conclusion: MLWC was
associated with ≥40% reduction in 90-day readmission, LOS and SNF discharge compared with TJA CC.
LOS and discharge rate to SNF declined sharply after the implementation of MLWC.

Plain language summary: What is this article about?: Research evaluating the clinical and economic
value of advanced multi-layer, watertight closure (MLWC) in total joint replacement is needed. This study
compared the clinical and economic outcomes with advanced MLWC versus conventional closure (CC) for
patients undergoing total joint replacement.
What were the results?: Patients who received CC had 1.67-times longer hospital length of stay, were
1.88-times more likely to be discharged from the hospital to a skilled nursing facility and 2.45-times more
likely to be readmitted to the hospital within 90 days compared with patients who received MLWC. There
was a sharp decline in hospital length of stay (0.9 days per patient) and discharge from the hospital to
skilled nursing facilities (5.6% fewer patients) with the implementation of MLWC.
What do the results of the study mean?: Multiple quality of care and cost containment initiatives have
been implemented for total joint replacement in recent years. Adoption of advanced MLWC rather than
CC may result in improved health economic outcomes with total joint replacement.

Tweetable abstract: Study shows that advanced multi-layer, watertight closure (MLWC) in total joint
replacement improved health economic outcomes.
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Total hip arthroplasty (THA) and total knee arthroplasty (TKA) are valuable surgical treatments that improve
motion and function, offer pain relief and enhance quality of life in patients with arthritis [1,2]. THA and TKA
are among the most frequently performed surgical procedures in the US, and utilization is expected to increase in
the coming decades [3–6]. While THA and TKA are typically very effective in improving pain and function with
high survivorship and low morbidity and mortality, surgical site infection (SSI) is an important complication of
total joint arthroplasty (TJA) as SSIs can increase morbidity, decrease patient satisfaction and increase hospital
readmissions and healthcare costs [7,8].

It is estimated that approximately half of SSIs could be preventable if current evidence-based prevention strategies
were employed [9]. US policymakers have attempted to improve quality of care and control healthcare costs by
penalizing hospitals for readmissions and shifting risk to providers through consolidating payments in order to
place limits on payment for specific treatments or periods. The Centers for Medicare and Medicaid Services’ (CMS)
Hospital Readmissions Reduction Program (HRRP) expanded its readmission penalties to include elective THA
and TKA procedures in 2013. The Comprehensive Care for Joint Replacement (CJR) bundled payment model
was implemented in April 2016 for Medicare beneficiaries undergoing hip or knee replacements. Evidence has
shown that its implementation improved value, reflected in lower costs, decreased readmissions and complications,
decreased hospital length of stay (LOS) and less discharge to post-acute facilities [10].

The occurrence of SSI has been shown to be affected by wound closure techniques and technologies [11–

13]. While conventional sutures and staples are most commonly used for TJA procedures, integrated pathways
incorporating multi-layer, watertight closure (MLWC) could increase the preventative effectiveness against joint
prosthetic adverse events [14]. Among the barbed sutures that are available today, the Stratafix™ Knotless Tissue
Control Devices (Ethicon, Inc., NJ, USA; henceforth ‘SFX KTCD’) comprise a portfolio of knotless barbed suture
devices which can be used at various tissue layers, most of which are treated with IRGACARE R© MP (triclosan)
which inhibits bacterial colonization of the devices [15,16]. For superficial skin closure, 2-octyl cyanoacrylate adhesive
combined with a polyester mesh (Dermabond R© Prineo R©, Ethicon, Inc.; henceforth ‘2OPM’) has been introduced
to reinforce and share tension across a surgical incision [17]. Wounds dressed with mesh have shown decreased
drainage compared with controls [18]. Wound drainage has been shown to contribute to delayed wound healing,
decreased patient satisfaction, increased cost and increased risk of infection in TKA [17,19].

Research is needed to evaluate the clinical and economic value of advanced MLWC more thoroughly in THA and
TKA. Given that multiple quality of care and cost containment initiatives have been implemented for THA and
TKA in recent years, it is important to be able to differentiate whether observed changes in outcomes are due to the
new technologies or interventions (e.g., MLWC) or due to background quality of care improvements. Interrupted
time series (ITS) analysis is increasingly being advocated as a more robust design for evaluating healthcare quality
improvement given its ability to control for biases [20–22]. ITS is a valuable study design for helping establish causality
as it controls for pre-existing underlying short- and long-term trends by longitudinally tracking the outcome before
and after an intervention [23,24]. Hence, the objective of this study was to use ITS analysis to compare health
economic outcomes after THA and TKA when implementing MLWC using SFX KTCD and 2OPM compared
with conventional closure (CC) using Vicryl™ sutures and staples.

Methods
Study population
This retrospective observational registry study identified consecutive patients undergoing THA or TKA from a
single surgeon at TriHealth’s Good Samaritan Hospital (OH, USA) (CC group: 2011 to 2013; MLWC group:
2015 to 2020). This study was reviewed and approved by the TriHealth Institutional Review Board (IRB number
19-032). Electronic medical records (EMRs) were reviewed to evaluate the outcomes of patients receiving THA
and TKA.

Subjects were included in the study if they had undergone THA or TKA as elective, primary procedures during
an inpatient admission between 1 January 2011 and 31 March 2020. Subjects were required to be aged ≥18 years
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and to have a minimum of 30 days of follow-up information from index (surgery date). Subjects were excluded if
their records were found to be missing key data elements required for the pre-planned analyses, including patient
demographics and all outcomes of interest.

Surgical procedures
The procedures were performed by a single surgeon who began adopting MLWC in 2014. Data for patients
who received MLWC were collected from 2015 to 2020. From 2011 to 2013, conventional closure (CC) was
the primary approach by the same surgeon. THA and TKA surgical preparation and technique prior to closure
remained unchanged from 2011 to 2020.

For CC, the joint capsule was sutured using multiple #0 ETHIBOND interrupted sutures for both THA and
TKA. Subcutaneous closure was achieved using 2-0 Vicryl sutures for THA and 0 Vicryl sutures for TKA. For both
THA and TKA, subcuticular closure was performed with 2-0 Vicryl sutures and skin closure was performed with
staples.

The wound closure approaches used for MLWC were as described in Snyder et al. [14]. In order to achieve
optimal MLWC following THA, the joint capsule was sutured using ETHIBOND interrupted sutures (size 0).
The hip bursa was closed with #1 bidirectional STRATAFIX™ Spiral. The iliotibial band was then sutured us-
ing #1 PDS STRATAFIX Symmetric and several #0 Ethibond interrupted sutures. #1 Spiral PDO bidirectional
STRATAFIX suture was used for subcutaneous closure, followed by 2-0 PGA Spiral bidirectional STRATAFIX su-
ture for the subcuticular layer and the DERMABOND™ PRINEO™ Wound Closure System for skin closure.

For TKA MLWC, the surgical team began by suturing the fat pad with 2-0 running Vicryl. This was followed by
closure of the joint capsule, using #1 PDS STRATAFIX Symmetric, and several #0 Ethibond interrupted sutures
positioned around the medial patella femoral ligament. Subcutaneous closure was performed using bidirectional
#1 PDO STRATAFIX Spiral. 2-0 PGA Spiral bidirectional STRATAFIX was used subcuticularly, followed by
the self-adhering mesh of the Dermabond Prineo carefully applied to approximate the skin tissue and 2-octyl
cyanoacrylate was used to coat gently on top of the adhesive mesh.

Outcome measures
Baseline patient characteristics that were evaluated included age, sex, race/ethnicity, American Society of Anesthesi-
ology (ASA) score, presence of urinary tract infection (UTI), obesity or dementia and year of surgery. The primary
outcome of interest was the rate of 90-day readmission. Secondary outcomes included hospital LOS, discharge
status (i.e., home or skilled care), operating room (OR) time, 90-day rate of emergency department (ED) visits and
complications including death, periprosthetic infection, venous thromboembolism (VTE), wound dehiscence and
wound infection.

Statistical analysis
All cases from 2014 were excluded since it was a transitioning period from CC to MLWC. A mix of both wound
closure approaches were used during this time period and the dataset did not capture specifically which product
was used for a procedure. In 2015, however, every patient received MLWC approach. Descriptive analyses were
performed comparing the MLWC and CC cohorts on baseline characteristics as well as on the clinical outcomes of
interest. Continuous variables were examined using Student’s t-tests and categorical variables were evaluated using
Fisher’s Exact and chi-squared tests. Following bivariate analyses, separate logistic regression models controlled for
differences in baseline characteristics were used to evaluate the association of CC versus MLWC with readmission,
ED visits, discharge status, LOS and OR time. Sensitivity analyses were performed accordingly using age as the
benchmark covariate to evaluate the potential impact of unobserved confounders.

Adjusted ITS analyses were then conducted to account for decreasing trends in LOS and shift in discharge status
over the study period. ITS analysis, also known as segmented regression analysis [25], enabled assessment of whether
MLWC had an effect significantly greater than the underlying time trend [26]. The monthly mean of adjusted LOS
and discharge rate to skilled care facilities were calculated for CC and MLWC cohorts, respectively, and then were
fitted into linear regression models to show the level and slope changes before and after the introduction of MLWC.
To test for changes in LOS and discharge status over time, the slopes of the linear splines over time were calculated
and compared before and after the change in wound care.

Power calculations were performed to ensure the sample size of this study are sufficient to detect significant
differences. Attempts to find representative literature in total hip and knee readmission rates within 90 days proved
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Table 1. Baseline demographic and clinical characteristics.
Characteristic CC (n = 906) MLWC (n = 1261) Total (n = 2167) p-value

Age (years) Mean (standard
deviation)

65.4 (10.3) 66.5 (9.3) 66.0 (9.7) <0.05

Median 65.0 66.0 66.0

Sex Female 487 (53.8%) 669 (53.1%) 1156 (53.3%) 0.75

Male 419 (46.2%) 592 (46.9%) 1011 (46.7%)

Race/ethnicity Black 18 (3.0%) 47 (3.7%) 65 (3.5%) <0.05

Other 7 (1.2%) 80 (6.4%) 87 (4.7%)

White 580 (95.9%) 1129 (89.9%) 1709 (91.8%)

Missing 301 5 306

American Society of
Anesthesiology score

Healthy 25 (4.2%) 31 (2.6%) 56 (3.1%) 0.23

Incapacitating disease 10 (1.7%) 16 (1.3%) 26 (1.5%)

Mild systemic disease 305 (51.8%) 649 (54.3%) 954 (53.5%)

Severe systemic disease 249 (42.3%) 499 (41.8%) 748 (41.9%)

Missing 317 66 383

Intercurrent urinary tract
infection

No 596 (98.0%) 1252 (99.3%) 1848 (98.9%) <0.05

Yes 12 (2.0%) 9 (0.7%) 21 (1.1%)

Missing 298 0 298

Obesity diagnosis No 494 (81.2%) 945 (74.9%) 1439 (77.0%) <0.05

Yes 114 (18.8%) 316 (25.1%) 430 (23.0%)

Missing 298 0 298

Dementia No 603 (99.2%) 1258 (99.8%) 1861 (99.6%) <0.05

Yes 5 (0.8%) 3 (0.2%) 8 (0.4%)

Missing 298 0 298

Bolded values denote statistically significant differences at p � 0.05.
CC: Conservative closure; MLWC: Multi-layered watertight closure.

to be challenging so several articles were considered in calculating a power analysis. The literature [3–5] demonstrated
an average 90-day readmission rate of 8% with a maximum of 11.7% and a minimum of 4.2%. Assuming an effect
size between 3.8 and 7.5%, an alpha of 0.05 with 80% power, a sample size between 204 and 622 in each group,
respectively, would be sufficient.

Results
Baseline patient demographic & clinical characteristics
The study included 2167 distinct patients receiving at least one TJA procedure (1574 TKA; 580 THA; 13 unknown)
between 1 January 2011 and 31 December 2020 (Table 1). Of these, 1261 (58.2%) patients received procedures in
which MLWC was used and 906 (41.8%) received conventional closure (CC). Patients were distributed somewhat
evenly across the 10 years of the study. The surgeon began using MLWC during 2014, hence, data for CC patients
were derived from 2011–2013 and data for MLWC patients were derived from 2015 to 2020.

The mean (standard deviation) age of all patients in the study at baseline was 66.0 (9.7) years and a slightly
greater proportion of the patients were female (53.3%). Most patients were White (91.8%), 3.5% were Black
and 4.7% were other race/ethnicity. According to ASA scores, most patients had mild systemic disease (53.5%)
or severe systemic disease (41.9%), and few were categorized as healthy (3.1%) or having incapacitating disease
(1.5%). Obesity was present among 23.0% of patients, intercurrent UTI among 1.1%, and dementia among 0.4%.
Compared with patients who received CC, patients who received MLWC were older (66.5 vs 65.4 years; p < 0.05),
a smaller proportion were white (89.9 vs 95.9%; p < 0.05), a greater proportion had obesity (25.1 vs 18.8%), and
a smaller proportion had intercurrent UTI (0.7 vs 2.0%; both p < 0.05).

Unadjusted (bivariate) analyses
Unadjusted bivariate analyses demonstrated that, compared with patients with MLWC, a greater proportion of
patients with CC had a 90-day readmission (3.8 vs 1.5%; p < 0.05; Table 2). Mean LOS was longer among
patients with CC (2.5 vs 1.4 days; p < 0.05) and a smaller proportion of patients with CC were discharged to
home following their total hip or total knee procedures (85.9 vs 91.5%; p < 0.05). OR time (MLWC 80.7 min,
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Table 2. Unadjusted bivariate analyses of clinical/health economic outcomes.
CC (n = 906) MLWC (n = 1261) Total (n = 2167) p-value

Primary outcome

90-day readmission rate No 872 (96.2%) 1242 (98.5%) 2114 (97.6%) <0.05

Yes 34 (3.8%) 19 (1.5%) 53 (2.4%)

Missing 0 0 0

Secondary outcomes

Length of stay Mean 2.5 (0.9) 1.4 (0.9) 1.8 (1.0) <0.05

Median 2.0 1.0 2.0

Missing 0 0 0

Discharge status Home 778 (85.9%) 1152 (91.5%) 1930 (89.1%) <0.05

Skilled Care 128 (14.1%) 107 (8.5%) 235 (10.9%)

Missing 0 2 2

Operating room time (min) Mean 79.9 (25.1) 80.7 (16.8) 80.5 (19.9) 0.44

Median 76.0 78.0 78.0

Missing 299 2 301

90-day emergency department visit rate No 902 (99.6%) 1254 (99.4%) 2156 (99.5%) 0.71

Yes 4 (0.4%) 7 (0.6%) 11 (0.5%)

Missing 0 0 0

90-day complications

Death Yes 0 (0.0%) 1 (0.1%) 1 (0.0%) 0.40

No 906 (100.0%) 1260 (99.9%) 2166 (100.0%)

Periprosthetic infection Yes 8 (0.9%) 15 (1.2%) 23 (1.1%) 0.49

No 898 (99.1%) 1246 (98.8%) 2144 (98.9%)

Venous thromboembolism Yes 3 (0.3%) 14 (1.1%) 17 (0.8%) 0.04

No 903 (99.7%) 1247 (98.9%) 2150 (99.2%)

Wound dehiscence Yes 2 (0.2%) 4 (0.3%) 6 (0.3%) 0.67

No 904 (99.8%) 1257 (99.7%) 2161 (99.7%)

Wound infection Yes 11 (1.2%) 20 (1.6%) 31 (1.4%) 0.47

No 895 (98.8%) 1241 (98.4%) 2136 (98.6%)

Bolded values denote statistically significant differences at p � 0.05.
CC: Conservative closure; MLWC: Multi-layered watertight closure.

CC 79.9 min) and the proportion of patients with 90-day ER visits (MLWC 99.4%, CC 99.6% min) did not differ
between patients with MLWC and CC. The proportions of patients with complications were similar for MLWC
and CC, with the exception of venous thromboembolism (VTE) as a slightly greater proportion of patients with
MLWC had VTE (1.1 vs 0.3%; p = 0.04; Table 2).

Adjusted (multivariate) analyses
After adjustment for differences in baseline characteristics, patients with CC were shown to be 2.45-times more
likely to be readmitted within 90 days and 1.88-times more likely to be discharged to skilled care facilities compared
with patients with MLWC (Table 3). Patients with CC also had 1.67-times longer LOS compared with patients
with MLWC. The likelihood of ER visits and OR time did not significantly differ between patients with MLWC
and CC (Table 3). Sensitivity analyses were performed on readmission rate, discharge rate to skilled care facilities,
and LOS. In all three cases, the bounds on confounding as strong as age, R2

Y∼Z|X,D and R2
D∼Z|X, were below the

robustness value (RV), meaning that unobserved confounders as strong as age were not sufficient to explain away
the observed difference between MLWC and CC (Table 4).

ITS analysis
Differences in LOS and discharge status were statistically significant based on the ITS analyses. For LOS, unadjusted
and adjusted ITS analysis showed a sharp decline of 0.2 days and 0.9 days, respectively (Figure 1). Similarly, there was
a sharp decline in incidence of discharge to a skilled care facility (5.6% incidence) immediately after implementation
of the MLWC approach, while the unadjusted ITS showed less than 0.2% increase in this rate (Figure 2). Levelling
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Table 3. Adjusted multivariate analyses of clinical/health economic outcomes.
Outcomes CC (n) MLWC (n) CC MLWC Odds ratio (CC

vs MLWC)
-95% CI 95% CI p-value

90-day
readmission

586 1190 0.01 0.00 2.45 1.29 4.68 0.01

LOS (days) 581 1122 2.41 1.45 1.67 1.59 1.75 <0.0005

Skilled care
discharge status

586 1188 0.08 0.05 1.88 1.34 2.65 <0.0005

OR time (min) 584 1188 79.44 80.97 0.98 0.96 1.01 0.12

90-day ED visits 586 1190 0.00 0.00 0.95 0.23 3.92 0.94

Bolded values denote statistically significant differences at p � 0.05.
CC: Conservative closure; CI: Confidence interval; ED: Emergency department; LOS: Length of stay; MLWC: Multi-layered watertight closure; OR: Operating room.

Table 4. Sensitivity analyses of clinical/health economic outcomes.
Outcome Treatment Coef. estimate R2

Y∼D|X RVq = 1 Benchmark covariate; age

Readmission rate WC -0.0223 0.45% 6.53% R2
Y∼Z|X,D = 0.32%,

R2
D∼Z|X = 0.37%

Discharge rate to SNF WC -0.0588 0.88% 8.97% R2
Y∼Z|X,D = 6.33%,

R2
D∼Z|X = 0.36%

LOS WC -0.9724 22.89% 41.63% R2
Y∼Z|X,D = 2.76%,

R2
D∼Z|X = 0.41%

R2
Y∼D|X: the partial R2 of the treatment with the outcome. RVq = 1: robustness value for bringing the point estimate of WC exactly to zero. R2

Y∼Z|X,D and R2
D∼Z|X: bounds on confounding

(Benchmark covariate: Age).
LOS: Length of stay; RV: Robustness value; WC: Watertight closure.

of the data with no further changes in LOS or discharge status was observed for the remainder of the study period.

Discussion
To our knowledge, this is the first study to employ adjusted ITS techniques to evaluate the clinical and economic
outcomes associated with advanced MLWC among patients undergoing TJA. Among 2167 patients under a single
surgeon at a single center, unadjusted analyses showed that there were no significant differences in 90-day SSI rates;
however, patients with MLWC had 44% lower LOS (1.4 days vs 2.5 days, p < 0.05), 40% lower discharge rates to
a skilled care facility (8.5% patients vs 14.1%, p < 0.05), and 60% lower 90-day readmission rates (1.5 vs 3.8%,
p < 0.05) compared with patients with CC. Multivariate analyses confirmed that CC was associated with longer
LOS, discharge to skilled care, and 90-day readmission. To account for time-dependent factors, e.g., decreasing
trends in LOS and shift in discharge status over the study period, ITS analyses were performed to isolate any of
these effects and evaluated the direct impact of using MLWC. The adjusted ITS analyses were also performed to
account for the difference in patient cohorts of MLWC and CC. The results of the adjusted ITS analyses confirmed
the impact of introducing MLWC, showing a sharp decline in LOS (0.9 days) and discharge status to a skilled
care facility (5.6% incidence) immediately after implementation of the MLWC approach. The sensitivity analyses
showed that the unobserved confounders in this study were not sufficient to explain away the concluded difference
between MLWC and CC.

Efforts to improve quality of care and control healthcare costs for THA and TKA have included penalizing
hospitals for THA or TKA readmissions and consolidating THA and TKA payments. CMS’ HRRP expansion to
THA and TKA was finalized in 2013 and was implemented in 2014. Then, in 2016, comprehensive care with the
CJR was implemented for Medicare beneficiaries. Given that MLWC in the current study was implemented by the
surgeon in 2014, it was important to elucidate whether the change in outcomes was due to the change in wound
care or to other concomitant quality of care changes. ITS analysis is a valuable study design for establishing causality
as it controls for pre-existing underlying short- and long-term trends by longitudinally tracking the outcome before
and after an intervention [23,24]. ITS analyses showed a consistent downward trend in LOS and discharge to a skilled
facility, and then a sharp decline immediately after implementation of the MLWC approach. This confirmed the
important impact of introducing MLWC despite shifting trends in LOS and discharge status.

Some studies have shown mixed results when evaluating the impact of THA and TKA quality of care and
cost containment strategies [27,28]. It has been suggested that readmissions for patients after elective surgery are
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Figure 1. Interrupted time series analysis, length of stay (by month). (A) Unadjusted. (B) Adjusted.
CC: Conservative closure; LOS: Length of stay; MLWC: Multi-layered watertight closure.

more likely a consequence of procedure-related complications rather than failure of care coordination. Hence,
systems-level interventions that have proved effective at reducing readmissions for patients with chronic medical
diseases (e.g., discharge navigators, care transition programs and medication reconciliation by pharmacists) may
not be generalizable to those recovering from elective surgery. Thus, in order to reduce SSI, readmission, LOS and
skilled care facility discharge with THA and TKA, providers and payers may need to focus on procedure-related
changes that impact complications, such as improved wound care.

The 90-day readmission rate in the current study was significantly lower for MLWC patients (1.5 vs 3.8%;
p < 0.05). In 2012, the Hospital Readmissions Reduction Program was introduced by Medicare in the US
to reduce the frequency of readmissions. Hospitals with above average readmissions were financially penalized.
Furthermore, the Comprehensive Care for Joint Replacement bundled payment model was introduced in 2016 as
a mechanism to restrain healthcare spending for total hip and knee arthroplasty (the study hospital participated in
this program). Hospitals were provided a single lump-sum payment from Medicare to manage the entire episode
of care for a period of 90 days. Hospitals that spent more than the target price or performed below a quality
threshold were required to repay Medicare a portion of the episode spending. Therefore these findings are highly
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Figure 2. Interrupted time series analyses, discharge rate to a skilled care facility (by month). (A) Unadjusted. (B)
Adjusted.
CC: Conservative closure; MLWC: Multi-layered watertight closure.

economically relevant from payer and provider perspectives. A driver of the observed differences in readmission rates
could be the shorter hospital LOS in the MLWC group. A study from 2017 reported that among Medicare patients
undergoing knee or hip arthroplasty, increased hospital LOS was a significant risk factor for 90-day readmission
because of the increased adverse outcomes associated with increased LOS such as hospital-acquired infections [29].
However, reasons for readmission were not available in the dataset and therefore could not be examined. Regardless,
readmissions represent not only an undesirable circumstance for patients, but are also an important quality target
for hospitals, and viewed as an important driver of costs to the overall healthcare system.

The reduced LOS and discharge rate to SNF could be attributed to SFX KTCD which has numerous clinical
advantages compared with traditional interrupted sutures including the ability to achieve better watertight closure
of the wound. Furthermore, 2OPM for skin closure may also promote quicker transition to a home setting, given
that it allows patients to shower immediately after procedures and obviates the need for wound dressing changes in
the hospital [29–32]. The watertight closure across multiple tissue layers with SFX KTCD and comparatively greater
strength as well as unique antimicrobial barrier of 2OPM represent a potential solution to wound complications
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such as dehiscence and drainage, which can be a retrograde infection pathway [30]. Nevertheless, further research to
corroborate and identify the specific underlying causes of these findings related to hospital LOS and discharge to
SNF rate would be beneficial.

Some previous studies have also shown the benefits of advanced MLWC with the innovative combination of
barbed sutures and a skin closure system. Anderson et al. [33] and Herndon et al. [34] found that use of barbed sutures
used in deep layers with 2OPM was associated with fewer episodes of delayed wound healing and reoperations than
the standard wound dressing. The authors suggested that the possible mechanism may be that 2OPM distributes
wound tension more evenly. In addition, since it remains in place longer during the immediate postoperative
period, it may provide prolonged wound-edge support. Snyder and colleagues [14] described their implementation
of evidence-based integrated clinical pathways incorporating watertight MLWC and suggested that the integrated
clinical pathways and MLWC could synergistically improve the preventative effectiveness against joint prosthetic
adverse events such as SSIs [14]. Similarly, Vendittoli and colleagues [35] used an enhanced recovery after surgery
(ERAS) protocol along with MLWC that resulted in reduced hospital LOS, improved patient care, and reduced
direct healthcare costs. Finally, Flener and colleagues [36] conducted a retrospective EMR review to evaluate the
outcomes of 1828 patients receiving MWLC or CC for total hip or knee arthroplasties. Similar to the current
study, MLWC was associated with significantly shorter inpatient LOS and increased likelihood of being discharged
to home compared with CC. Adjusted mean hospital LOS was a half-day shorter for MLWC (1.10 vs 1.65 days;
p < 0.001) and MLWC patients were more likely to be discharged home (odds ratio 4.61; p = 0.002). Our study
findings support those of previous authors and build upon them given that ITS analysis is considered a more
robust technique for evaluating healthcare quality improvement because of its ability to control for biases [20–22].
ITS controls for pre-existing underlying short- and long-term trends by longitudinally tracking the outcome before
and after an intervention [23,24], enabling assessment of whether MLWC had an effect significantly greater than the
underlying time trend [26].

Although not perfect in capturing all relevant data, the availability of EMR data presents an opportunity to
efficiently evaluate quality of care for individuals in the real-world clinical setting. EMR datasets capture a variety
of patient-level data that represent integral components of care that may not necessarily be available through
other retrospective database sources such as administrative claims databases or patient registries (e.g., information
on the specific type of endoprosthesis used) [37,38]. EMRs also provide efficient access to detailed, longitudinal
data that would otherwise be difficult to collect [39,40]. However, limitations of EMR data include coding errors
or incomplete information for clinical visits and subsequent follow-up. Also, the patients selected for this study
represent a convenience sample from a single site, and patients, treatment methods, and institutional policies may
differ in other settings of care, therefore limiting the generalizability of results. Finally, although the present study
carefully applied statistical analysis techniques (i.e., logistic regression and ITS) to improve causal inference of
comparative treatment effects, the study was still retrospective and observational in design and causality cannot be
established for the observed relationships. Despite these limitations, the study utilized ITS analysis to contribute
to the evidence for the potential clinical and economic benefits of MLWC in THA and TKA.

Conclusion
Among patients undergoing THA or TKA, MLWC was associated with at least 40% reduction in 90-day readmission
rates, LOS, and discharge to a skilled facility compared with CC. ITS confirmed the impact of introducing the
MLWC approach despite shifting trends in LOS and discharge status. MLWC may facilitate shorter LOS and the
ability to discharge to home and may result in fewer readmission after THA and TKA. Further studies with larger
cohorts of patients at multiple sites are warranted.

Summary points

• Research evaluating the clinical and economic value of advanced multi-layer, watertight closure (MLWC) in total
joint arthroplasty (TJA) is needed.

• Interrupted time series (ITS) analysis is a valuable study design for evaluating healthcare quality improvement as
it controls for pre-existing underlying short- and long-term trends.

• To our knowledge, this is the first study to employ adjusted ITS techniques to evaluate clinical and economic
outcomes of advanced MLWC versus conventional care (CC) among patients undergoing THA and TKA.

• MLWC was associated with ≥40% reduction in 90-day readmission, length of stay (LOS), and skilled nursing
facility (SNF) discharge compared with TJA CC.

10.57264/cer-2023-0110
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• Multivariable analyses showed CC patients were 2.45-times more likely to be readmitted within 90 days,
1.88-times more likely to be discharged to SNF and had 1.67-times longer LOS compared with MLWC.

• ITS analyses showed a sharp decline in LOS (0.9 days) and discharge to SNF (5.6% incidence) with MLWC.
• Given that multiple quality of care and cost containment initiatives have been implemented for TJA in recent

years, it is important to differentiate whether observed changes in outcomes are due to the new technologies or
interventions (e.g., MLWC) or due to background quality of care improvements.

• ITS confirmed the impact of introducing the MLWC approach despite shifting trends in LOS and discharge status.
• Adoption of advanced MLWC may result in improved clinical and economic outcomes.
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