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Comparison of Freeze-Dried and Solvent-Dehydrated 
Acellular Dermal Matrix for Root Coverage:  
A Randomized Controlled Trial

The prevalence of gingival recession has been estimated at around 22.5% in 
people aged older than 29 years. Classic treatment approaches include the 
use of connective tissue grafts in combination with coronally advanced flaps 
(CAFs). To reduce morbidity and the need for a secondary surgical site, allograft 
materials are currently being used. Nevertheless, long-term randomized studies 
testing the efficacy of these materials are lacking. Hence, the aim of the present 
randomized controlled clinical trial was to compare two acellular dermal matrix 
(ADM) materials produced by different processing techniques, freeze-dried 
(FDADM) and solvent-dehydrated ADM (SDADM). At 12 months, both groups 
showed significant improvement in attachment level, recession depth, and 
recession width. A mean imrprovement in attachment level of 2.0 ± 1.08 mm 
for FDADM and 2.0 ± 0.70 mm for both SDADM was achieved (P = .002). Root 
coverage after 12 months was 80.66 ± 22.90% for FDADM and 80.97 ± 18.08% 
for SDADM. Hence, it was concluded that both FDADM and SDADM grafting 
materials can successfully achieve root coverage in Miller Class I and II recession 
defects for up to 12 months when used in combination with CAFs. (Int J 
Periodontics Restorative Dent 2015;35:811–817. doi: 10.11607/prd.2554)

According to the American Acad-
emy of Periodontology, recession 
is defined as location of marginal 
periodontal tissues in relation to 
the cementoenamel junction (CEJ), 
whereas gingival recession is de-
fined as location of the gingival mar-
gin in relation to the CEJ.1 When the 
above are present, loss of attach-
ment has already occurred, expos-
ing the root surface. Both of these 
conditions may result in unpleasant 
esthetic appearance, root sensitiv-
ity, and higher incidence of root car-
ies, and may create a challenging 
situation for plaque control.

Multiple factors may contribute 
to gingival recession. These include 
but are not limited to: traumatic 
toothbrushing,2 inadequate at-
tached gingiva width,3 tooth malpo-
sition,4 tooth mobility,5 buccal bone 
dehiscence,6 high muscle and frenu-
lum attachment,7 and iatrogenic fac-
tors,8 among others. The prevalence 
of gingival recession among the US 
population has been estimated at 
around 22.5% in people aged older 
than 29 years.9 Prevalence and se-
verity of gingival recession increase 
with age,10 and it is more common 
on facial surfaces of teeth.9

Multiple techniques have been 
proposed for the treatment of gingi-
val recession. Among them, coronal-
ly advanced flaps (CAFs) used with 
or without autogenous connective  
tissue grafts (CTGs) remain the gold 
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standard for recession coverage and 
long-term stability.11 However, in-
herent shortcomings of harvesting 
a CTG, such as morbidity, postop-
erative pain, limited availability, and 
possible intrasurgical complications, 
have led to the search for new allo-, 
xeno-, and alloplastic graft materials.

Recent decades have seen the 
development of acellular dermal 
matrix (ADM) materials, and their 
use in root coverage procedures 
have shown promising results.12,13 
Currently, two major types of ADM 
are commercially available: freeze-
dried ADM (FDADM) (AlloDerm, 
BioHorizons) and solvent-dehydrat-
ed ADM (SDADM) (Puros Dermis, 
Zimmer Dental). Although both ma-
terials are primarily composed of a 
fibrillar collagen mesh and elastin 
without the epidermis and cellular 
elements, the processing is differ-
ent. FDADM begins with removal 
of the epidermis using a buffered 
salt solution. A nondenaturing de-
tergent is then used to dissolve and 
wash away multiple cell types within 
the dermis. Last, a cryopreservant 
is added to avoid crystal formation 
and the resulting tissue matrix is 
freeze-dried. SDADM, on the other 
hand, includes a variety of steps: 
osmotic, oxidative, and alkaline 
treatment; solvent dehydration; and 
limited-dose gamma irradiation for 
sterilization. During the solvent de-
hydration, the tissue is placed sever-
al times in acetone. At the end, the 
acetone is left to evaporate in a vac-
uum chamber. This process results 
in a dry tissue with a water content 
of less than 5%.

Regardless of the processing 
characteristics, both ADM materi-

als act as a scaffold for new tissue 
growth. To the best of our knowl-
edge, only one study directly com-
pares FDADM and SDADM for 
treatment of human gingival reces-
sions.14

The purpose of the present study 
was to compare the use of CAF with 
SDADM versus CAF and FDADM for 
the treatment of Miller Class I or II 
gingival recession defects.15

Method and materials

Participants enrolled in this study 
presented to the University of Michi-
gan School of Dentistry with one 
Miller Class I or II facial gingival re-
cession measuring ≥ 2 mm. Only 
maxillary incisors, canines, or pre-
molars were included. The Western 
Institutional Review Board approved 
this project. The study was con-
ducted in accordance with the Hel-
sinki Declaration of 1975 as revised 
in 2000. All individuals completed a 
written and verbal consent to par-
ticipate. This article presents a sub-
set of patients who were treated at 
the University of Michigan as part of 
a multicenter (4 centers) study. The 
20 patients treated in this specific 
center are presented separately due 
to the consistency of the outcomes 
obtained at this center. 

A power calculation was per-
formed prior to study initiation to 
determine the proper sample size. 
Assuming no root coverage chang-
es change from 6 months to 12 
months after surgery,16 the common 
standard deviation was determined 
to be 1 mm for both groups. Sample 
size ratio was determined to be 1:1. 

A sample size of 10 individuals per 
group was needed to provide 80% 
power to detect a 0.7-mm differ-
ence between group means at type 
I error rate of 0.05 using a two-sided 
Student t test. Accordingly, from 
November 2009 to December 2010, 
a total of 20 participants, 11 (55%) 
women and 9 (45%) men, were en-
rolled in this prospective random-
ized controlled trial. This trial is 
registered with the US National In-
stitutes of Health Clinical Trials Reg-
istry (Trial #NCT00881959).

Enrolled volunteers met the fol-
lowing inclusion criteria: ≥ 18 years 
of age, able to understand and 
comply with all instructions, and 
able to maintain good oral hygiene 
(O’Leary plaque score ≤ 20%).17 Ex-
clusion criteria included systemic 
antibiotic use of more than 2 weeks’ 
duration within the past 3 months, 
prior surgery in the study area within 
the past 12 months, known allergy 
to any materials used, use of medi-
cations known to cause gingival 
enlargement, unstable systemic 
diseases, use of systemic steroids, 
compromised immune function, ac-
tive infection, and tobacco use with-
in the past year. In addition, women 
who were pregnant or attempting to 
become pregnant were excluded. 
Individuals were randomly assigned 
to receive CAF + SDADM or CAF + 
FDADM immediately before the root 
coverage procedure, using the code 
(20 sequential randomization cards) 
provided by the sponsor (Zimmer 
Dental). Randomization was carried 
out prior to surgery because the 
rehydration process for both ADM 
materials had to be initiated before 
the surgical procedure. Rehydration 
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of both grafting materials was per-
formed according to manufacturers’ 
instructions. FDADM was hydrated 
in two separate saline baths, 10 min-
utes each, for a total of 20 minutes. 
On the other hand, SDADM was hy-
drated for 5 to 30 minutes in endo-
toxin-free 0.9% sterile saline at room 
temperature. 

All surgeries were conduct-
ed by two experienced surgeons 
(H.L.W. and R.E.) following a previ-
ously described surgical protocol.18 
Briefly, two diverging vertical re-
leasing incisions were performed 
at the mesial and distal line angles 
of the tooth with recession, start-
ing at a distance equal to recession 
depth plus 1 mm from the adjacent 
papilla tip. A full-thickness muco-
periosteal flap was then elevated 
beyond the mucogingival junction. 
Adjacent gingival papillae were de-
epithelialized using a scalpel blade. 
The exposed root was planed with 
rotary instruments (Neumeyer bur 
and root planing bur) and curettes. 
A mucogingival pouch procedure 
was performed to allow tension-free 
coronal positioning in the following 
manner: While applying lateral ten-
sion on the flap with tissue forceps, 
the periosteum of the flap apical to 
the level of vestibule was scored 
with a 15c or 15 Bard Parker scalpel 
and then blunt dissection was per-
formed with curved Metzenbaum 
scissors to separate connective tis-
sue fibers until the flap could be 
coronally advanced with ease.10 The 
rehydrated ADM was then trimmed 
to cover the exposed root 3 mm be-
yond the lateral and apical root sur-
face. The ADM graft was sutured at 
the level of the CEJ using a single 

sling 5-0 fast-absorbing polyglycolic 
acid suture (Ethicon). The overlying 
flap was then advanced to a level 1 
to 2 mm coronal to the CEJ using 
the sling and tag suture technique 
as previously described.18 Upon fin-
ishing the procedure, the surgeon 
completed a questionnaire regard-
ing the handling characteristics of 
the ADM grafting material.

Postoperative medications in-
cluded 600 mg ibuprofen every 6 
to 8 hours as needed and amoxicil-
lin 500 mg 3 times daily for 10 days, 
starting 1 hour prior to surgery. 
In cases of allergy to amoxicillin, 
azithromycin 500 mg 1 hour prior 
to surgery and then 250 mg daily 
for 5 days was prescribed. Postop-
erative instructions included rinsing 
with warm salt water twice daily, no 
brushing or flossing at the surgical 
area for 2 weeks postoperative or 
until the surgeon deemed appro-
priate, restricting physical activity 
for 1 week, and eating a soft diet. 
Postoperative visits were scheduled 
at 14 ± 3 days, 30 ± 7 days, 90 ± 7 
days, 180 ± 14 days, and 365 ± 14 
days. At the 2-week re-evaluation 
visit, the surgeon removed as many 
sutures as he considered appropri-
ate. At each following postoperative 
visit, oral hygiene instructions and 
professional cleaning were provided 
if plaque accumulation was noted 
at the surgical site. One calibrated, 
trained, masked examiner (M.L.) 
measured and recorded all clinical 
parameters. Examiners’ calibration 
revealed intra-examiner agreement 
(± 1 mm) of ≥ 90%. 

A custom acrylic guide was 
used to align probing depth (PD), 
gingival recession (GR), and gingi-

val thickness (GT) measurements 
at the midfacial aspect of the teeth 
examined. Recession depth (RD) 
and recession width (RW) were re-
corded prior to surgery, after sutur-
ing, and at each postoperative visit. 
Percentage of root coverage was 
calculated directly from midfacial 
measurement pretreatment versus 
posttreatment.

Prior to surgery and during 
each postoperative visit, Plaque 
Index (PI)19 and Gingival Index 
(GI)20 were recorded. Additionally, 
Wound Healing Index (WHI)21 and 
patient discomfort level (1 = mild, 2 
= mild to moderate, 3 = moderate, 
4 = moderate to severe, 5 = severe) 
were recorded at each postop-
erative visit. PD, clinical attachment 
level (CAL, equal to PD + RD), and 
GT were measured at baseline (prior 
to surgery) and at the 90-, 180- and 
365-day visits. After applying a topi-
cal anesthetic, GT was measured 
midfacially, 1 mm and 3 mm apical 
to the gingival margin, by penetrat-
ing the soft tissue with an end-
odontic broach with an attached 
rubber stopper. GT measurements 
were then calculated to the near-
est 0.5 mm using a metal ruler. All 
other clinical measurements were 
made using a calibrated UNC-15 
periodontal probe (Hu-Friedy). To 
assess patient satisfaction, patients 
filled out a patient quality assess-
ment (PQA) form at the 180-day and 
365-day visits.  

Statistical Analysis

Descriptive statistics were used to 
assess demographic information, 
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baseline information, and follow-
up clinical parameter assessments. 
Continuous numerical data were 
summarized by mean, standard de-
viation, sample size (N), minimum, 
and maximum. Categorical data 
were presented by frequency and 
percentage. Student t test was em-
ployed to compare the primary clini-
cal outcome parameters between 
FDADM and SDADM treatment. 
Paired t test was used to evaluate 
the primary clinical outcome param-
eters improvement from baseline to 
1 year within each treatment group. 

Results

All 20 patients included in both 
groups completed the 12-month 
evaluation period (no dropout). 
Mean age for the FDADM group 
was 46.4 ± 16.0 years, and for the 
SDADM group, 37.2 ± 14.8 years. 
Sites comprised predominantly  
(> 80%) Miller Class I recession de-
fects. With regard to tooth site dis-
tribution, the FDADM group was 
equally distributed between canines 
(5/10) and first premolars (5/10), 
while the SDADM group comprised 
canines (7/10), premolars (2/10), and 
one central incisor (Table 1).

One participant in the FDADM 
group presented with a graft site 
infection at tooth #24 at the 14-
day visit. It was possible to surgi-
cally debride and carefully dissect 
away the superficial contaminated 
portion of the FDADM membrane, 
leaving intact the deeper layers 
that had already attached to the 
tooth root. The external flap was 
also debrided free of granula-
tion tissue, coronally positioned to 
cover the graft and resutured using 
the same sling and tag procedure. 
Although a protocol deviation and 
adverse event were recorded, the 
site healed normally and was not 
removed from the study. Root cov-
erage at this site was 100%. No 
other adverse events were noted. 
The reason for the infection was 
determined to be food impaction 
caused by the patient not following 
postoperative instructions.

Both groups demonstrated sig-
nificant improvement in attachment 
level (P = .002) at 1 year, achieving 
a gain of 2.0 ± 1.08 mm for FDADM 
and 2.0 ± 0.70 mm for SDADM. 
No significant differences between 
preoperative and 12-month evalu-
ations were found for PD and GT. 
Interestingly, only SDADM achieved 
significant increase (P = .01) in kera-
tinized GW, gaining 0.70 ± 0.63 mm 
from baseline. As expected, both 
groups resulted in significant reduc-
tion in RD and RW. Percentages of 
root coverage were determined 
to be 80.66 ± 22.90% for FDADM 
and 80.97 ± 18.08% for SDADM.  
Finally, no significant differences 
were found between groups for 
any of the parameters evaluated at 
baseline and 12-month follow-up. 

Table 1 Study subject demographics 

Variable FDADM SDADM

Sex
Men
Women
Age

60.0% (6/10)
40.0% (4/10)

46.4 ± 16.0

30.0% (3/10)
70.0% (7/10)

37.2 ± 14.8

Miller Class
I
II

80.0% (8/10)
20.0% (2/10)

90.0% (9/10)
10.0% (1/10)

OH level
Excellent
Fair
Good

10.0% (1/10)
10.0% (1/10)
80.0% (8/10)

40.0% (4/10)
–

60.0% (6/10)

Race
African American
Asian
Caucasian
Hispanic
Other

–
–

80.0% (8/10)
–

20.0% (2/10)

–
–

90.0% (9/10)
–

10.0% (1/10)

Tooth number
15
14
13
12
11
21
22
23
24

–
10.0% (1/10)
30.0% (3/10)

–
–
–
–

20.0% (2/10)
40.0% (4/10)

–
–

50.0% (5/10)
–
–

10.0% (1/10)
–

20.0% (2/10)
20.0% (2/10)

FDADM = freeze-dried acellular dermal matrix; SDADM = solvent-dehydrated acellular dermal 
matrix; OH = oral hygiene.
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Discussion

Results from the present study 
confirmed those of the only avail-
able study comparing SDADM and 
FDADM.14 In this study, Barker et al 
found significant reduction in RD 
and approximately 80% root cov-
erage after 6-month evaluation 
for Miller Class I and III recession 
defects. Although subtle differ-
ences exist between the Barker et 
al study14 and this prospective ran-
domized controlled trial, results 

from both investigations confirm 
FDADM and SDADM as substitutes 
for CTG when used in combination 
with CAF for Miller Class I, II, and III 
recession defects. Additionally, the 
similarities in terms of RD reduction 
and percentage of root coverage 
found between Barker et al and the 
present study confirm the stability 
of the grafts from 6 to 12 months. 
It should be noted that Barker et al 
included Class I and III recession de-
fects, in which 100% root coverage 
is not expected. 

Overall, both FDADM (Fig 1) 
and SDADM (Fig 2) achieved sig-
nificant reduction in AL (≥ 2 mm) 
and more than 80% root coverage  
(Table 2). Although no significant 
differences were found between 
groups for any of the parameters 
evaluated, SDADM was reported 
to be easier for handling as well as 
for stabilization in the surgical site. 
The absence of differences be-
tween groups may be attributed to 
the similar structural nature of the 
materials, which regardless of the 

Table 2 Change in clinical parameters between baseline and 12 months

Clinical parameter
Baseline  

Mean ± SD (mm)
12 months  

Mean ± SD (mm)
Difference  

12 months − baseline (mm) P value

Attachment level
FDADM
SDADM

3.70 ± 0.75
3.55 ± 0.64

1.70 ± 0.67
1.55 ± 0.72

−2.00 ± 1.08
−2.00 ± 0.70

.0020

.0020

Gingival thickness 1 using stent (at 3 mm apical to the CEJ)
FDADM
SDADM

0.95 ± 0.96
0.90 ± 0.77

1.50 ± 0.58
1.50 ± 0.33

0.55 ± 0.79
0.60 ± 0.77

.0898

.0625

Gingival thickness 2 using stent (at 1 mm apical to the FGM)
FDADM
SDADM

1.35 ± 0.58
1.30 ± 0.48

1.60 ± 0.46
1.35 ± 0.41

0.25 ± 0.67
0.05 ± 0.76

.3906

.7500

PD, distal
FDADM
SDADM

2.40 ± 0.39
2.15 ± 0.34

2.50 ± 0.53
2.10 ± 0.32

0.10 ± 0.65
−0.05 ± 0.49

.7656
1.0000

PD, mesial
FDADM
SDADM

2.40 ± 0.70
2.10 ± 0.21

2.30 ± 0.48
2.00 ± 0.41

−0.10 ± 0.45
−0.10 ± 0.45

.7500

.7500

PD, mid
FDADM
SDADM

1.10 ± 0.46
0.95 ± 0.16

1.35 ± 0.41
1.15 ± 0.41

0.25 ± 0.58
0.20 ± 0.35

.3125

.2500

RD
FDADM
SDADM

2.55 ± 0.50
2.65 ± 0.53

0.45 ± 0.55
0.55 ± 0.55

2.10 ± 0.84
2.10 ± 0.45

.0020

.0020

RW
FDADM
SDADM

3.80 ± 1.01
3.50 ± 0.47

0.90 ± 1.47
1.25 ± 1.36

−2.91 ± 1.15
−2.25 ± 1.41

.0020

.0020

Keratinized GW
FDADM
SDADM

2.10 ± 0.74
2.05 ± 2.20

2.35 ± 0.63
2.75 ± 1.81

0.25 ± 0.71
0.70 ± 0.63

.3906

.0195
FDADM = freeze-dried acellular dermal matrix; SDADM = solvent-dehydrated acellular dermal matrix; CEJ = cementoenamel junction;  
FGM = free gingival margin; PD = probing depth; RD = recession depth; RW = recession width; GW = gingival width.
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processing technique act mainly as 
scaffolds for soft tissue penetration 
and integration into host tissue. 

While SDADM resulted in in-
crease in KT width (0.70 ± 0.63 mm) 
in concordance with previous lit-

erature,22,23 FDADM did not result 
in significant changes in KT (0.25 ± 
0.67 mm). There was no significant 

Fig 2 Recession treated with SDADM. (a) Preoperative appearance of the recession defect. (b) Full-thickness flap elevated with two diver-
gent vertical releasing incisions. (c) SDADM was trimmed and positioned to cover the recession defect and then secured with single sling 
suture. (d) Flap was coronally advanced and subsequently secured with sling and tag suturing technique. (e) Two weeks postoperative.  
(f) Twelve months postsurgery. Area presented with 100% root coverage.

a

d

b c

fe

Fig 1 Recession treated with FDADM. (a) Preoperative appearance of the recession defect. (b) Full-thickness flap elevated with two diver-
gent vertical releasing incisions. (c) FDADM was trimmed and positioned to cover the recession defect and then secured with single sling 
suture. (d) Flap was coronally advanced and subsequently secured with sling and tag suturing technique. (e) Two weeks postoperative.  
(f) Twelve months postsurgery. Area presented with 100% root coverage.
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difference between groups with re-
gard to KT width changes. 

In the present investigation, 
minimal complications were report-
ed throughout the study period. 
Only one patient in the FDADM 
group presented with a graft infec-
tion, at 2 weeks, which was resolved 
with the use of antibiotics and surgi-
cal debridement. This supports the 
safety of both materials for clinical 
use as well as the ability to manage 
any complications.

The comparison of both ADM 
materials remains to be explored 
with different techniques for soft 
tissue augmentation. So far, to the 
best of our knowledge, their ef-
ficacy in achieving root coverage 
for Miller Class I and II recession 
defects has been tested in combi-
nation with Zucchelli and De Sanc-
tis techniques14,24 and with CAF, as 
demonstrated in the present study. 
Although satisfactory results can be 
achieved, CTG has been proven to 
provide better long-term results.11 
Also, while CTG can be left mini-
mally exposed, complete coverage 
of the underlying ADM with soft 
tissues is recommended since it is 
prone to infection if left exposed. 

Conclusions

Within the limitations of the pres-
ent study, it can be concluded that 
both SDADM and FDADM grafting 
materials can successfully achieve 
root coverage in Miller Class I and 
II recession defects for up to 12 
months when used in combination 
with CAF. No statistically significant 
differences were found between 

groups for any of the parameters 
evaluated.
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