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ABSTRACT

Purpose: The aim of this study was to compare the efficacy of the tunnel technique for root
coverage using a new xenogeneic acellular dermal matrix vs. connective tissue grafting (CTG)
for the treatment of multiple maxillary adjacent recessions (recession type 1) at 12 months
postoperatively.

Methods: This study enrolled 12 patients with at least 3 contiguous, bilateral, symmetrical
maxillary gingival recessions (i.e., at least 6 recessions per patient). In total, 74 recessions
were treated using the modified coronally advanced tunnel (MCAT) technique combined with
a novel porcine-derived acellular dermal matrix (PADM) at 37 test sites or CTG at 37 control
sites. The following clinical parameters were measured: recession height, clinical attachment
level, width of keratinized tissue, probing depth, recession width, gingival thickness, mean
root coverage (MRC), and complete root coverage (CRC). Comparisons between test and
control groups were made for pain visual analog scale scores at 14 days.

Results: At 12 months, the MCAT with PADM (test) yielded a statistically significant
improvement in all clinical parameters studied. MRC was significantly higher on the control
sides (80.6%z23.7%) than on the test sides (68.8%23.4%). Similarly, CRC was 48.7%+6.8%
on the control sides (CTG), in contrast to 24.3%+8.2% on the test sides (PADM). Statistically
significant differences were observed in favor of the control sides for all clinical parameters
studied. Nevertheless, the MCAT in adjunction with PADM was clearly superior at reducing
mean and maximum patient-reported postoperative pain intensity and pain duration in the
first week after surgery.

Conclusions: The use of PADM to treat multiple recessions improved clinical parameters

at 12 months, but these outcomes were nevertheless poorer than those observed for CTG.
However, PADM reduced morbidity, particularly the pain experienced by patients.

Trial Registration: ClinicalTrials.gov Identifier: NCT03162016
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INTRODUCTION

Connective tissue grafting (CTG) helps to meet patients' needs, particularly in the setting of
gingival recession. Good clinical results and the availability of long-term data have made this
technique the gold standard for treating periodontal recession [1,2].

However, the need for a second donor site, generally the palate, leads to high morbidity
rates. There are risks of donor site necrosis and hemorrhage due to the harvesting procedure
and prolonged operative time [3,4]. The risk of developing edema and moderate to severe
postoperative pain increases by 3%—4%, respectively, with each minute of the procedure

[5]. Moreover, the amount of autologous graft available may be limited for treating multiple
recessions [6]. Tissue engineers are now working to help periodontists by attempting to
develop alternative materials to autologous CTGs. Allogeneic acellular dermal matrices
(ADMs) are currently considered the alternative with the closest clinical results to CTG [7],
although their human origin has led to their being banned in some countries or may cause
rejection in some patients. Animal-derived materials have therefore been marketed, with an
example being xenogeneic bilayer collagen matrices (CMXs). These can be used to increase
keratinized tissue (KT) height and to cover single or multiple recessions [3,8], with or
without flap coverage. A novel porous porcine collagen matrix has recently been introduced.
Since one of'its potential advantages is maintaining volume stability, it is referred to as a
volume-stable collagen matrix [9]. This matrix must be submerged and has yielded good
preliminary tissue augmentation results around teeth and implants [10,11]. Very recently, a
new porcine-derived acellular dermal matrix (PADM) (Mucoderm®, Botiss Dental, Straumann
Group, Basel, Switzerland) has arrived on the market, which contains elastin and native type
I and type III collagen and has undergone no further chemical treatment. Its clinical efficacy
has been discussed in case series [12,13] and randomized controlled studies [14] conducted
in 2 separate patient groups (a test group and a control group). Only 1 recent split-mouth
study has compared the efficacy of this matrix relative to autologous grafts at 12 months, and
that study only investigated mandibular recessions [15]. No study has investigated patient
pain at a short-term follow-up.

With the above background in mind, this split-mouth prospective randomized study
investigated only maxillary recessions and aimed to compare clinical outcomes with the
modified coronally advanced tunnel (MCAT) technique combined with the new PADM (test
side) or CTG (control) at 12 months. The MCAT is one of the most predictable recession
coverage procedures for multiple recessions [16,17]. The secondary aim of our study was

to compare patient-reported pain at each site during early wound healing. In this setting,
we hypothesized that PADM would yield equivalent clinical outcomes and result in less
postoperative pain than CTG in the treatment of contiguous maxillary Cairo recessions of
type 1 (RT1: gingival recession with no loss of interproximal attachment) [18].

MATERIALS AND METHODS

Study design and population

This prospective single-center split-mouth randomized study was conducted in 12 patients
(8 women and 4 men) aged 23 to 55 years (mean, 41.2 +10.9 years) who were treated in the
Periodontics Department of Nice University Hospital, for contiguous, bilateral, symmetrical
Cairo RT1 macxillary gingival recessions. Randomization was conducted by the clinical
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research board of the University Hospital, using a computer-generated program. The random
allocation sequence was handed to the surgeon before the procedure and specified the test
side and control side. The CTG was harvested from the same palatal site as the control side.
All patients signed an informed consent form before entering the study, which complied with
the 1975 Declaration of Helsinki as revised in 2000, and which was approved by both the CCP
Sud Méditerranée II Institutional Review Board (No. 16.085) and French National Agency for
Medicines and Health Products Safety; ClinicalTrials.gov identifier NCT03162016.

Xenogeneic matrix vs. connective graft in root coverage

The inclusion criteria were as follows: patients aged over 18 years with at least 6 type 1

(RT1) maxillary gingival recessions more than 1 mm high [18], a detectable cementoenamel
junction (CEJ: type A), no non-carious cervical lesions (class —: absence of cervical step) [19],
non-smokers, a full-mouth plaque score and a full-mouth bleeding on probing score <20%,
and no active periodontal disease. Pregnant women, patients with systemic diseases that can
affect healing, and those taking medications that interfere with healing (steroids) were not
included. A total of 74 recessions were treated (37 test recessions and 37 controls). Treatment
procedures were conducted from May 2017 to June 2018.

Patients were educated on oral hygiene and shown how to brush their teeth atraumatically
using the roll technique and a soft-bristle brush.

Clinical measurements

The following clinical parameters were recorded before surgery and 12 months after surgery:
recession height (RH), which was the distance between the CEJ and the most apical limit of
the gingival margin (GM); recession width (RW), as represented by a horizontal measurement
of gingival recession at the CEJ; probing depth (PD) as measured using a periodontal probe at
the mid-buccal aspect of the tooth from the GM to the bottom of the sulcus; KT width, which
was the distance between the most apical point of the GM and the mucogingival junction
(M@YJ); and gingival thickness (GT), as measured using a needle pierced through the center
of a circular-shaped silicone marker measuring 3 mm in diameter. The edge of the marker
was positioned at the soft tissue margin, providing a distance from the margin of 1.5 mm; the
clinical attachment level (CAL) corresponded to the addition of PD and RH. To evaluate the
effectiveness of the treatment, additional calculations were performed: RH reduction was
calculated as the difference between RH at baseline and RH at 12 months postoperatively.
Mean root coverage (MRC) was calculated by dividing RH reduction by RH at baseline, and
multiplied by 100. Complete root coverage (CRC) was determined as the percentage of
recession with complete coverage achieved. KT width gain was calculated as the difference
between KT width at 12 months postoperatively and KT width at baseline, while GT gain
corresponded to the difference between GT at 12 months postoperatively and GT at baseline.

A questionnaire was given to each patient on the day of surgery. It was used to assess pain at
each graft site (test or control) using a visual analog scale (VAS) from O to 10 over the first 14
days after surgery. To evaluate pain, 3 variables were defined: the number of days with pain:
the patient’s total number of days with a pain VAS score >2; the mean pain VAS score (the
patient's mean pain VAS score reported during 14 days); and the maximum pain VAS score
(the patient's maximum pain VAS score during 14 days).

All measurements were made by the same examiner (S. Vincent-Bugnas). At the end of the
study, the investigator who assessed outcomes (G. Borie) was blinded.
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Surgical protocol

After a clinical examination and inclusion in the study, the randomization of each patient was
sent to the surgeon, specifying the test side to be treated using PADM (Mucoderm®, Botiss
Dental, Straumann Group, Switzerland) and the control side to be treated using CTG. Both
sides were treated during the same operation.

After local infiltration of articaine hydrochloride (4%) with 1:100,000 epinephrine (Septanest
SP®, Septodont, Saint-Maur-des-Fossés, France), exposed root surfaces were cleaned using
scalers to remove plaque and any calculus deposits. The surgical technique employed

was initially described by Azzi and Etienne [20] and then modified by Aroca et al. [21].
Intrasulcular incisions were made at each recession site on both the test and control sides.
Using tunneling instruments (TKN1® and TKN2®, Hu-Friedy Mfg. Co., LLC, Chicago, IL,
USA), a full-thickness flap was performed down to the MGJ and beneath each papilla, which
remained attached by its tip. Next, a partial thickness flap was made down to the MGJ to
ensure tension-free tunnel advancement.

The PADM was then cut to the appropriate size and soaked in a sterile saline solution for 20
minutes in accordance with a previously validated protocol [13]. Meanwhile, the CTG was
harvested on the control side using the single-incision technique described by Hiirzeler and
Weng [22]. A graft approximately 1.5 mm thick was harvested, its thickness being similar

to that of the matrix. Manual pressure was then applied to the donor area using a sterile
gauze before the site was closed by means of continuous suturing using a 5.0 polyglactin 910
absorbable suture (Vicryl®, Ethicon, Inc., Somerville, NJ, USA). The graft was immediately
placed in the tunnel on the control side and stabilized at each end with a suture. In the

same way, the matrix was inserted into the tunnel of the test site using mattress sutures and
secured mesially and distally. Lastly, the 2 tunnels were advanced coronally to the CEJ of

the teeth so as to cover the PADM and CTG. They were then secured using non-absorbable
5.0 polypropylene suspension sutures (Prolene®, Ethicon, Inc.) (Figure 1). Antibiotics

were prescribed to all patients for 7 days (2 x 1,000 mg amoxicillin) along with pain relief
(paracetamol, 3 g/day). The postoperative instructions were not to brush for the first 10 days,
but instead to rinse twice daily with 0.2% chlorhexidine. A questionnaire on postoperative
pain on each graft side was also given to patients. They completed it at the end of the
procedure and then daily up to day 14 after surgery, when the sutures were removed and

Figure 1. Clinical views of the control side: (A) Preoperative view. (B) Connective tissue graft under the tunnel. (C) Immediate postoperative view. (D) 12-month
postoperative view. Clinical views of the test side: (E) Preoperative view. (F) Xenogeneic acellular dermal matrix. (G) Immediate postoperative view. (H)
12-month postoperative view.
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gentle brushing resumed. Follow-up appointments were scheduled for 3, 6, and 12 months
after surgery. At each appointment, supragingival plaque was removed.

Xenogeneic matrix vs. connective graft in root coverage

Statistical analysis

Descriptive statistics were summarized as mean+tstandard deviation or the 95% confidence
intervals (CIs). The Wilcoxon signed rank test (non-parametric test for paired samples) was
used to compare treatments (test vs. control) at baseline and at 12 months.

Comparisons between treatments were then adjusted, using mixed linear regression models,
for patient effects (modeled as random effects). The Dunnett-Hsu adjustment was used to
adjust the Pvalues in cases of multiple comparisons.

To test the primary hypothesis that PADM would give equivalent clinical results to CTG

in the treatment of Cairo RT1 gingival recessions, non-inferiority for PADM was tested

using mixed linear regression models adjusting for the same factors as described before.

The average effect and its 2-tailed 90% CI (equivalent to a 1-tailed 95% CI, to test for non-
inferiority) were calculated. The reason for this was that is not sufficient to conclude that the
difference between the treatments was not statistically significant; instead, it was necessary
to calculate a measure of the magnitude of difference (a tolerance range) in the percentage of
MRC (or other parameters) that would be allowed for PADM to be considered as good as the
comparison treatment. The tolerance range is given by the lower bound of the 90% CI.

Postoperative morbidity

To test the secondary hypothesis, which was that patients would experience less pain on

the maxilla side treated with PADM than on the side treated with CTG, a non-parametric
paired test (the Wilcoxon signed rank test) was used. In addition, the average pain VAS score
reported was plotted vs. time.

RESULTS

In the present study, postoperative healing was uneventful in all patients. No complications,
such as allergic reactions, infections, or PADM exfoliation, were noted. All patients enrolled
fully completed the study follow-up and none withdrew from the study early. A total of 74
recessions were treated in a randomized, split-mouth fashion in 12 patients using the MCAT
technique with CTG (control sides; n=37) or PADM (test sides; n=37). For women (8 out of
12), the mean age was 39.5+10.7 years and the median age was 41.5 years. For men (4 out of
12), the mean age was 44.5+12.2 years and the median age was 48 years. The difference in age
between men and women was statistically non-significant (£=0.35, Mann-Whitney Utest)
(data not shown).

Clinical parameters were evaluated at baseline and at 12 months, and the change in clinical
parameters from baseline to 12 months of follow-up are described in Table 1. RH decreased
from 2.84+1 mm to 1+0.8 mm on the tunnel + PADM sides (test sides), corresponding to an
RH reduction of 1.8 + 0.8 mm and an MRC of 68.8%3=23.4%. On the control sides (tunnel

+ CTG), RH decreased from 2.9+0.9 mm to 0.6+0.7 mm, reflecting an RH reduction of
2.320.9 mm and an MRC of 80.6%223.7%. A total of 9 (24.3%+8.2%) and 18 (48.7%+ 6.8%)
recessions exhibited CRC on the test and control sides, respectively. At 12 months, GT had
increased by 1+0.3 mm on the control sides and 0.4+0.2 mm on the test sides. At 12 months

https://doi.org/10.5051/jpis.2002400120 81


https://jpis.org

JPIS A

Xenogeneic matrix vs. connective graft in root coverage

Clinical parameters evaluated and their change between baseline and 12 months of follow-up

Clinical parameters Test sides (PADM) (n=37) Control sides (CTG) (n=37)
Baseline 12 months Change  Pvalue? for intragroup Baseline 12 months Change P value? for intragroup
comparison comparison

RH (mm) 2.8£1.0 1.0+0.8 -1.8+0.8 <0.001” 2.9+0.9 0.6+0.74 -2.3+0.9 <0.001”
CAL (mm) 4.6+1.2 2.6+0.9 -2.0+0.9 <0.001" 4.8+1.0 2.3+0.8 -2.5+0.9 <0.001”
KT (mm) 2.1+1.6 2.5+1.2 0.4+0.7 0.002 2.2+1.3 3.0£1.0 0.7+0.8 <0.001?
PD (mm) 1.8+0.5 1.6+0.4 -0.2+0.3 0.002 1.9+0.6 1.7+0.5 -0.2+0.3 <0.001”
RW (mm) 2.6+0.7 0.9+0.8 -1.7£1.0 <0.001” 2.4+0.7 0.7+0.8 -1.8+0.8 <0.001”
GT (mm) 0.8+0.2 1.2+0.2 0.4+0.2 <0.001” 0.8+0.3 1.9+0.3 1.0+0.3 <0.001”
MRC (%) 68.8+23.4 80.6+23.7

CRC (%) 94.3+8.2 48.7+6.8

Values are presented as meanzstandard deviation.

PADM: porcine-derived acellular dermal matrix, CTG: connective tissue graft, RH: recession height, CAL: Clinical attachment level, KT: keratinized tissue, PD:
probing depth, RW: recession width, GT: gingival thickness, MRC: mean root coverage, CRC: complete root coverage.

3The Wilcoxon signed rank test was used; PStatistically significant difference (P<0.05).

postoperatively, a statistically significant CAL gain was observed: 2+0.9 mm after applying
the PADM and 2.5+0.9 mm after applying GTC.

Significant increases in KT width and GT were revealed on the control side: 0.7+0.8 mm and
1.0£0.3 mm, respectively. Conversely, this increase was small on the test side, with values of
0.4+0.7 mm and 0.4+0.2 mm, respectively.

At baseline, no statistically significant difference was found in any clinical parameters
between the test and control sides of any patient (except for RW) (Wilcoxon signed rank

test, Pvalue) (Table 2). At 12 months follow-up, the difference in RH between the test and
control sides was 0.35 mm (indicating that recession was higher in the test group than in the
control group by 0.35 mm). This difference was statistically significant (P=0.01). Similarly,
statistically significant differences were found between the 2 sides for CAL, RW, and GT, all
favoring the control group. KT width was 0.41 mm lower on the test sides than on the control
sides (P=0.19). This was also the case for GT. The PD was very similar for both treatments
(-0.01 mm lower for the test side; non-significant difference, 7=0.87). The associations
between the clinical parameters and the treatment (test or control) adjusted for additional

Paired comparisons of parameters measured for the test (PADM) and control (CTG) sides

Follow-up Clinical parameters  Difference tested  Mean difference+SD Wilcoxon signed rank
test, P value
Baseline RH reduction (mm) Test-control -0.14+0.7 0.277
CAL (mm) Test-control -0.19+0.98 0.233
KT (mm) Test-control -0.07+0.79 0.472
PD (mm) Test-control -0.05+0.51 0.534
RW (mm) Test-control 0.15+0.78 0.283
GT (mm) Test-control -0.02+0.16 0.228
12 months of follow-up RH (mm) Test-control 0.35+0.74 0.014%
CAL (mm) Test-control 0.39+0.87 0.007?
KT (mm) Test-control -0.41+0.94 0.190
PD (mm) Test-control -0.01+0.43 0.875
RW (mm) Test-control 0.26+0.67 0.048%
GT (mm) Test-control -0.68+0.29 <0.001¥
MRC (%) Test-control -12.34+98.2 0.005%

Values are presented as mean=SD.

PADM: porcine-derived acellular dermal matrix, CTG: connective tissue graft, SD: standard deviation, RH:
recession height, CAL: Clinical attachment level, KT: keratinized tissue, PD: probing depth, RW: recession width,
GT: gingival thickness, MRC: mean root coverage.

IStatistically significant difference (P<0.05).
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covariates (patient's age, patient's sex, side of the maxilla, and tooth type [as fixed effects])
are presented in Figure 2.

Postoperative morbidity

Postoperative VAS values were collected during the first 14 days (Table 3). To test the
secondary hypothesis, which was that patients would suffer less pain on the maxilla side
treated with PADM than on the side treated with CTG, a non-parametric paired test (the
Wilcoxon signed rank test) showed that the test treatment produced less pain than the
control treatment. In this case, a mixed linear regression model, with only treatment as a
fixed effect and patient effects as random effects, would yield comparable results to those
given by the paired test, so this was not calculated.

In general, significantly less pain was reported on the test side than on the control side. The
patients reported on average 3.7 fewer days with pain on the test side than on the control side
(P=0.001). Patients also reported a lower mean pain intensity for the test side than for the
control side (1.6 VAS points, £<0.001).

The maximum pain felt by patients was higher on the control side than on the test side (on
average, 2.6 VAS points less for the test side; 2=0.001). The average pain score was plotted
vs. time (Figure 3). Then a generalized linear regression model as a function of treatment
and time was calculated and indicated that for both treatments, pain decreased in a non-
linear way (with an initial rapid decrease followed by a subsequent slower decrease). Pain was

Comparisons of pain VAS scores between the test and control sides during 14 days

VAS score Test (n=12)  Control (n=12) Mean difference Wilcoxon signed rank
(test-control)=SD test, P value

Number of days with pain 2.3+2.0 6.0+2.8 -3.7£2.0 <0.001¥

Mean pain VAS score 1.0£0.4 2.6+1.0 -1.60.8 <0.001?

Maximum pain VAS score 3.5¢1.4 6.1£1.0 -2.6+0.4 <0.001¥

Values are presented as mean=SD.
SD: standard deviation, VAS: visual analog scale.
AStatistically significant difference (P<0.05).
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6 —o— Test

VAS for pain

0 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Days after surgery

Course of pain VAS score with time after surgery.
VAS: visual analog scale.

higher on the control side than on the test side. Furthermore, the magnitude of decrease in
pain depended on the treatment (data not shown).

DISCUSSION

This study aimed to compare the treatment efficacy of the MCAT with CTG or PADM at 12
months for treating multiple RT1 maxillary gingival recessions. So far, there are very little
data in the literature comparing PADM to CTG. Only 1 prospective split-mouth clinical study
with 12 months' follow-up employed the same procedure as the one used in our study, but
that study only investigated mandibular recessions [15]. At the PADM test sites and CTG
control sites, the authors found mean coverage rates of 53.2% and 83.1%, respectively. Their
findings corroborate our MRCs of 68.8% on the test sides vs. 80.6% on the control sides;

the difference in the coverage rate on the matrix test sides is attributable to a difference in
recession location, since the recessions were maxillary in our study and therefore had a better
coverage prognosis [15]. CRC was 20% and 67% on the test and control sides, respectively, in
the study by Pietruska et al., [15] and 24.3% and 48.7% in our study. This confirms that the
results were similar at the PADM graft sites.

Another study with 6 months' follow-up that compared 2 patient groups treated using the
same procedure reported MRCs of 95% (control) vs. 91% (test). Those results are higher than
the values observed in our study, particularly with regard to our test group, whose MRC was
68.8%. However, the authors did show that, unlike CTG, PADM displayed limited potential
regarding CRC (71.4% for CTG vs. 14.3% for PADM) [14], a finding borne out by our results
(80.6% for CTG vs. 24.3% for PADM). The data on KT height gains with PADM are similar in
most studies: 0.5 mm (our study), 0.52 mm [15], 0.76 mm [12], 0.8 mm [14], and 0.92 mm
[13]. In other words, KT height tends to increase by less than 1 mm.

Our study's clinical results on the test sides were lower than those previously reported by our
team in a series of 12 patients [13] with 100 Miller class 1 and 2 maxillary recessions [23] treated
using the same procedure (MCAT + PADM). At 12 months in that study, MRC was 84.4%,

CRC was 43%, the mean RH reduction was 3.2 mm, and the mean RW reduction was 1.7 mm,
while CAL gain was 3.26 mm. According to some authors, bilateral treatments such as those
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performed in the split-mouth setting in this study may increase the risk of failure compared
with unilateral treatment [24]. Moreover, in our study, the CEJ of all teeth was well preserved
(type A, class —), which had not been taken into consideration in our previous study since it
was conducted before the publication of the Chicago classification. The current inclusion of

Xenogeneic matrix vs. connective graft in root coverage

this parameter is therefore worth noting, since it enables a more accurate measurement of
recessions [25,26]. Only 4 previous studies used the same xenogeneic matrix as we used in
our study. Hence, there are as yet little clinical data on the PADM, which is still a new material.
However, other studies have used collagen matrices and have assessed other substitutes.

A recent clinical study with 12 months' follow-up on treating multiple recessions using
allogeneic ADMs revealed that recurrence took place within 6 to 12 months if the initial KT
height was <2 mm and the KT width was <1.2 mm. If not, the root coverage rate was stable

at 12 months and comparable to CTG with this type of human-derived substitute [27]. These
conclusions demonstrate that it is worthwhile to consider clinical studies with a follow-up of
at least 12 months, like our study, because recurrence—if it takes place at all—will most likely
occur within this period.

Of the substitutes available on the market, CMXs have been particularly well studied. They are
mostly associated with coronally advanced flap (CAF) techniques to cover multiple recessions.
Very recently, some authors found that although at 12 months CAF + CMX did not show any
superior benefits compared with CAF alone in terms of MRC, it did significantly increase GT
and may be indicated in patients with thin phenotypes [28]. Another study showed that at

6 months, CAF + CMX reduced operative time and recovery time while improving patient-
reported pain during the first days after surgery compared with CAF + CTG, even if it was
poorer in terms of MRC [3]. Even though CAF cannot be directly compared against the MCAT,
it would appear that the clinical benefits of using CTG outweigh those of using CMX regardless
of the surgical protocol followed. Conversely, from the patient's perspective, the use of a
substitute results in better tolerance both during surgery, since no palatal graft is harvested,
and in the early stages after surgery. The same conclusion has been reached by many
researchers [3,15,29,30] and was confirmed again in this study. Indeed, patients reported
significantly higher mean pain on the control side, where a palatal graft had been harvested
homolaterally to the recipient site, than on the test side (mean VAS, 2.6 vs. 1.0, respectively).
This tendency applied to maximum pain too, with maximum VAS scores of 6 during the first 6
days on the control side vs. 3.5 during only the first 2 days on the test side.

Within the limits of this study, the novel PADM in combination with the MCAT technique
yielded statistically significant improvements in all clinical parameters studied at 12 months
postoperatively in the treatment of multiple Cairo RT1 recessions. Although the matrix
yielded poorer clinical results overall compared with the gold standard (CTG), especially with
regard to MRC and CRC, it was still clearly superior at reducing mean and maximum patient-
reported postoperative pain intensity and pain duration in the first week after surgery.
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