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Abstract
Background: This study was a systematic review comparing the clinical outcomes of using the nonirradiated and irrad@
allograft for anterior cruciate ligament (ACL) reconstruction.

Methods: A comprehensive literature search was conducted using multiple databases, including Medline, Embase, and
Cochrane. All databases were searched from the earliest records through August 2019 using the following Boolean operators:
irradiated AND nonirradiated AND ACL AND allograft. All prospective and retrospective controlled trials were retrieved that directly
compared physical examination and knee function scores and patient-rated outcomes between the nonirradiated and irradiated
allograft for ACL reconstruction.

Results: Three prospective and 2 retrospective articles were identified by the search, and the findings suggested that the
nonirradiated allografts were superior to the irradiated allografts based on improved knee joint functional scores and decreased
failure rate, even though there was no significantly difference with respect to overall IKDC, range of motion, vertical jump test, and
one-leg hop test.

Conclusions: Irradiated allograft should be limited to be used in ACL surgery and further research into new alternative sterilization
techniques are needed to avoiding the disease transmission without interference with the biomechanical properties of the grafts.

Abbreviation: ACL = anterior cruciate ligament, ADT = anterior drawer test, BPTB = bone-patellar tendon-bone, Cl = confidence

Key Words: ACL, irradiated allograft, meta analysis

intervals, IKDC = International Knee Documentation Committee, MD = mean differences.

1. Introduction

Rupture of the anterior cruciate ligament (ACL) is a common
sports injury. Arthroscopically assisted ACL reconstruction is the
most common management. Autograft is routinely used, such
as hamstring tendon autografts and BPTB.!"? However, there
are potential complications with the use of autograft, includ-
ing increased operative time, small tendon size, additional scars,
nerve damage to the saphenous nerve.>¥ In the past decade,
the use of allograft tissue in ACL reconstruction has risen tre-
mendously. There are many advantages of using allografts for
reconstruction, including no donor-site morbidity, shorter oper-
ating time, less pain, easier rehabilitation, and smaller surgical
incisions. 5!
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However, a potential disadvantage in the use of allograft tis-
sue is the disease transmission, both bacterial and viral, such
as HIV, hepatitis B, and so on. To minimize the risk of disease
transmission, gamma irradiation was used to sterilize allografts.
Although many studies suggest that gamma irradiation decreases
the initial biomechanical properties of allograft in a dose-depen-
dent manner.”¥ This makes surgeons more difficult to choose
an ideal graft for patients. However, whether the alteration in
biomechanical property affects the clinical outcomes of ACL
reconstruction with irradiated allograft remains controversial.

The purpose of this up-to-date meta-analysis was to directly
compare the clinical outcomes of ACL reconstruction with
the nonirradiated and irradiated allograft to identify the most
appropriate allograft for the reconstruction of ACL.
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2. Materials and Methods

2.1. Literature search

Three independent investigators performed an electronic search
of the following databases: PubMed Medline, Embase, and the
Cochrane Registry of Clinical Trials. All databases were searched
from the earliest records through August 2019. We strictly fol-
lowed the methods established in the Cochrane Handbook for
Systematic Reviews of Interventions 5.0.2, and the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses 2009
checklist.” The search used the following terms and Boolean
operators: irradiated AND nonirradiated AND anterior cruciate
ligament AND allograft. We applied no restrictions on language
or year of publication. Additional relevant studies were identified
by perusing the references of retrieved studies and review articles.

2.2. Inclusion and exclusion criteria

The criteria for inclusion of the studies included: (1) controlled
clinical trials; (2) studies that directly compared the irradiated
and nonirradiated allograft, with available clinical outcomes.
Exclusion criteria were (1) studies where no comparative data
were provided, or (2) cadaver studies.

2.3. Data extraction and outcome measures

Once the studies met the inclusion criteria, data were extracted
by 3 reviewers independently. For each trial, data were col-
lected on the following characteristics: patient demographics,
Overall IKDC, Range of motion, Vertical jump test, One-leg
hop test, Pivot shift test, ADT, Failure cases, Lachman test, K'T-
2000 Side-to-side differences, Subjective IKDC, Cincinnati knee
score, Lysholm score, Tegner score.

2.4. Quality assessment

The methodological quality of the included trials was eval-
uated independently by the reviewers using a specific tool
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for assessing risk of bias, as recommended by the Cochrane
Collaboration to assess methodological quality of clinical tri-
als. This comprises a description and judgment for each entry
in a “risk of bias” table, where each entry addresses a spe-
cific feature of the study. The judgment for each entry involved
answering a question, with answers “yes” indicating a low
risk of bias, “no” indicating a high risk of bias, and “unclear”
indicating either a lack of information or uncertainty of the
potential for bias.['%

2.5. Statistical analysis

Statistical analyses were conducted using the software Review
Manager 4.2, which was provided by Cochrane Collaboration.
The treatment effects were expressed as risk ratios (RR), with
95% confidence intervals (CI) for dichotomous outcomes and
mean differences (MD) with 95% CI for continuous outcomes.
Heterogeneity was tested using the Chi-square test with signif-
icance set at P < .1. The I-square test was also used to quantify
the effect of heterogeneity with an I? of 50% or higher represent-
ing substantial heterogeneity. If there was no statistical evidence
of heterogeneity, a fixed-effects model was used; otherwise, a
random-effects model was adopted. If standard deviation was
required to be calculated from raw data, SPSS 13.0 software
was used.

3. Results

A flow chart of the study selection process is presented in
Figure 1. An initial search identified 143 articles using the search
protocol. After further evaluation of the titles, text words, and
abstracts, 17 potentially relevant studies were selected for full-
text examination. Finally, 5 published articles!"'-""! were deter-
mined as appropriate for inclusion in the study. A funnel plot
analysis was unable to be performed because of insufficient
studies identified, as both visual examination and statistical
analysis of funnel plots have limited power to detect bias if the
number of trials is small.

Relevant literature in total (n=147)

Not eligible by title or abstract (130 were

k.

* | excluded)

detailed evaluation (n=17)

17 potentially relevant studies retrieved in full text for more

Not eligible by full text (12 were excluded)

5 literatures included (n=7)

Figure 1. A PRISMA flow chart illustrated the selection of studies included in our systematic review.
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3.1. Characteristics and interventions

The demographic characteristics of the patients in the 7 studies
are presented in Table 1. Three prospective studies!'>'>!5! and
2 retrospective comparative studies!'>!*l were retrieved. A total
of 374 patients were included: 191 in the nonirradiated group
and 183 in the irradiated group. Study characteristics were
described in all 5 studies (Table 2). Summary of the clinical
outcomes comparing nonirradiated and irradiated is presented
in Table 3.

3.2. Meta-analysis of clinical results

3.2.1. Overall IKDC. Three studies reported overall IKDC data.
There was no significant difference between the irradiated and
nonirradiated groups (x*> = 0.05, P = .97, I> = 0%). There was
no significant difference (OR 1.28, 95% CI: 0.54-3.04, P = .58,
Fig. 2).

3.2.2. Range of motion. Three studies reported range of
motion and were included in the analysis. No heterogeneity was
detected when the data from the 3 studies were pooled (> =
0.01, P = .99, I = 0%). No significant difference in range of
motion between the irradiated and nonirradiated groups was
noted. (OR 1.15,95% CI: 0.36-3.67, P = .82, Fig. 3).

3.2.3. Vertical jump test. Three studies reported vertical jump
test data. No heterogeneity was detected when the data from the
3 studies were pooled (x> = 0.06, P = .97, > = 0%). The pooled
data of vertical jump test indicated no significant difference
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between the irradiated and nonirradiated groups (OR 1.90,
95% CI: 0.70-5.11, P = .20, Fig. 4).

3.2.4. One-leg hop test. Three studies reported one-leg hop
test data. No heterogeneity was detected when the data from the
3 studies were pooled (y*> = 0.21, P = .90, I> = 0%). The pooled
data of one-leg hop test indicated no significant difference
between the irradiated and nonirradiated groups (OR 2.16,
95% CI: 0.70-6.69, P = .18, Fig. 5).

3.2.5. Pivot shift test. Four studies reported the pivot shift
test data. No heterogeneity was detected when the data from
the 4 studies were pooled (x> = 2.12, P = .55, I> = 0%). The
result showed that pivot shift test was significantly better in the
nonirradiated group than in the irradiated group for all 4 of
these studies (OR 4.87, 95% CI: 1.76-13.46, P = .002, Fig. 6).

3.2.6. Anterior drawer test. Three studies were included in the
analysis. No heterogeneity was detected when the data from the
3 studies were pooled (%*> = 0.16, P = .92, I> = 0%). The result
showed that ADT was significantly better in the nonirradiated
group than in the irradiated group for all 3 of these studies (OR
5.59,95% CI: 2.46-14.37, P < .0001, Fig. 7).

3.2.7. Failure rate. Five studies were included in the analysis.
No heterogeneity was detected when the data from the 3 studies
were pooled (y? = 1.74, P = .63, > = 0%). The result showed that
failure rate was significantly lower in the nonirradiated group
than in the irradiated group (OR 0.15, 95% CI: 0.07-0.34,
P <.00001, Fig. 8).

Characteristics and methodological quality of the included studies.

Author and Adequate sequence Allocation Incomplete outcome Free of selective Free of other
No. publication date generation?* concealment Blinding?} data addressed?§ reporting?l bias?q|
1 Tian et al Yes Yes Yes Yes Yes Yes
(2017)09)
2 Sun etal Yes Yes Yes Yes Yes Yes
(2012)t0
3 Sun etal Yes Yes Yes Yes Yes Yes
(2009)2
4 Rappe et al Unclear Unclear Unclear Yes Yes Yes
(2007)1
5 Guo 2012019 Unclear Unclear Unclear yes Yes Yes
*Was the allocation sequence adequately generated?
TWas allocation adequately concealed?
FWas knowledge of the allocated interventions adequately prevented during the study?
§Were incomplete outcome data adequately addressed?
lIAre reports of the study free of suggestion of selective outcome reporting?
\Was the study apparently free of other problems that could put it at a risk of bias?
Quoted from Cochrane handbook for systematic reviews for intervention. Version 5.0.0:191-195.
Study characteristics.
Management Mean age (yrs)
No. Author and publication date Study design Sample size Nonirradiated Irradiated Nonirradiated Irradiated Minimum length of follow-up
1 Tian et al (2017)1 Prospective study 83 44 39 30.2 29.8 Nonirradiated 5.8 yrs
Irradiated 5.6 yrs
2 Sun etal (2012)t1 Prospective study 69 38 31 317 30.3 Nonirradiated 42.1 mos
Irradiated 43 mos
3 Sun et al (2009)1"2 Prospective study 66 34 32 31.8 30.1 Nonirradiated 27.3 mos
Irradiated 25.6 mos
4 Rappe et al (2007)1" Retrospective study 75 42 33 27 26 6 mos
5 Guo 20120 Retrospective study 81 33 68 25.3 25.7 6.7 yrs
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Table 3

Summary of clinical outcomes comparing trans-tibial and outside to inside drilling techniques.
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3.2.8. Lachman test. Three studies reported Lachman test data.
No heterogeneity was detected when the data from the 3 studies
were pooled (x2=0.12, P = .94, 1> = 0%). The result showed that
Lachman test was significantly better in the nonirradiated group
than in the irradiated group (OR 4.88, 95% CI: 2.25-10.57, P
<.0001, Fig. 9).

3.2.9. KT-2000 side-to-side differences. Four studies
reported KT-2000/1000 side-to-side differences data. Significant
heterogeneity was found when the data from the 4 studies were
pooled (y* = 46.94, P < .00001, I> = 93.6%), and a random-
effects model was adopted. The nonirradiated group had a
significantly lower KT-2000/1000 side-to-side differences than
the irradiated group (WMD -2.52, 95% CI: -3.57 to -1.47,
P < .00001, Fig. 10).

3.2.10. Subjective IKDC. Three studies reported subjective
IKDC data. No heterogeneity was detected when the data from
the 3 studies were pooled (x> = 0.14, P = .93, 1 = 0%). The result
showed that the nonirradiated group had a significantly greater
subjective IKDC than the irradiated group (WMD 4.61, 95%
Cl: 1.87-7.35, P = .0010, Fig. 11).

3.2.11. Cincinnati knee score. Three studies reported the
Cincinnati knee score and were included in the analysis. No
heterogeneity was detected when the data from the 3 studies
were pooled (y? = 0.39, P = .82, > = 0%). The result showed that
the nonirradiated group had a significantly better Cincinnati
knee score than the irradiated group (WMD 4.62, 95% CI:
1.55-7.70, P = .003, Fig. 12).

3.2.12. Lysholm score. Three studies reported the Lysholm
score and were included in the analysis. No heterogeneity was
detected when the data from the 3 studies were pooled (x> =1.21,
P =.75, 1> = 0%). The nonirradiated group had a significantly
better Lysholm score than the irradiated group (WMD 4.03,
95% CI: 1.88-6.18, P = .0002, Fig. 13).

3.2.13. Tegner score. Three studies reported the Tegner
score and were included in the analysis. No heterogeneity was
detected when the data from the 3 studies were pooled (%> =0.23,
P = .89, > = 0%). The nonirradiated group had a significantly
better Tegner score than the irradiated group (WMD 0.38, 95%
CI: 0.14-0.62, P = .002, Fig. 14).

4. Discussion

This meta-analysis evaluated clinical function after the use of
irradiated and nonirradiated allografts for ACL reconstruction.
The most important finding of this study was that the nonirra-
diated allografts was superior to the irradiated allografts based
on improved knee joint functional scores and decreased failure
rate, even though there was no significantly difference with
respect to Overall IKDC, Range of motion, Vertical jump test,
and One-leg hop test.

As a common sports injury, rupture of the ACL need to be
reconstructed in most times.!">!”] Arthroscopically assisted ACL
reconstruction with autografts is considered the most common
management for a variety of reasons.!'t However, surgeons have
to face to many potential complications, including donor-site
morbidity, increased operative time, small tendon size, addi-
tional scars, nerve damage to the saphenous nerve. What is
more, due to the increased operative and anesthesia time, the
cost may increase when compare with allograft ACL recon-
struction."! Thus, this makes surgeons choose allografts in an
attempt to avoid such problems.

A systematic review compared autografts and allografts for
ACL reconstruction, the results suggests no difference in rup-
ture rates and clinical outcomes.?! While several studies also
compared autograft and allograft used in ACL reconstruction,
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Review: New review
Comparison: 01 Non-Ir vs Ir
Outcome: 01 Overall IKDC
Study Non-Ir Ir OR (fixed) Weight OR (fxed)
or sub-category n/N n/N 95% CI % 95% Cl
1 40/44 35/39 Hi— 37.z28 1.14 (0.27, 4.91)
2 34/38 27/31 - 34.59 1.26 ([0.29, 5.50]
3 31/34 28/32 L 28.13 1.48 [0.30, 7.18]
Total (§5% Cl} 11& 102 —*—- 100.00 1.28 [0.54, 3.04]
Total events: 105 (Non-Ir), 90 (ir)
Test for heterogeneity: Chi?= 0.05, df = 2 (P = 0.97), I?= 0%
Test for overall effect: Z = 0.55 (P = 0.58)

01 0.2 05 1 2 s 10

Favours Ir  Favours Ne-Ir

Figure 2. Forest plot of Overall IKDC between the nonirradiated and irradiated allograft using for ACL reconstruction. ACL = anterior cruciate ligament, IKDC =

International Knee Documentation Committee.

Review: New review
Comparison: 01 Non-Ir vs Ir
Qutcome: 02 Range of motien
Study Nen-Ir Ir OR (fixed) Weight OR (fixed)
or sub-category n/N niN 95% CI % 95% ClI
1 42/44 37/3%9 }l 33.7¢ 1.14 (0.15, 8.4€]
2 3e/38 25/31 L 31.83 1.24 [0.1&, 9.3¢]
3 32/34 30/32 34.42 1.07 [(0.14, 8.08)
Total (95% Cly 1lg 102 100.00 1.15 [(0.38, 3.87]
Total events: 110 (Nen-Ir), 96 (Ir)
Test for heterogeneity: Chi?= 0.01, df = 2 (P = 0.99), I?= 0%
Test for overall effect: Z = 0.23 (P = 0.82)

01 02 05 1 2 5 10

Favours Ir  Favours No-Ir

Figure 3. Forest plot of range of motion between the nonirradiated and irradiated allograft using for ACL reconstruction. ACL = anterior cruciate ligament.

Review: New review
Comparison: 01 Nen-lr vs I
Outcome: 03 Vertical jump test
Study Nen-Ir Ir OR (fixed) Weight OR (fixed)
or sub-category n/N niN 95% CI % 95% ClI
1 42/44 36/39 L » 30.02 1.75 (0.28, 11.08]
2 35/38 27/31 = 40.82 1.73 (0.36, 8.38]
3 3z/34 28/32 L P} 29.38 2.29 [0.39, 13.44]
Total (95% Cly 116 102 e 100.00 1.90 (0.70, 5.11]
Total events: 109 (Non-Ir), 91 (Ir)
Test for heterogeneity: Chi?= 0.06, df = 2 (P = 0.97), I?= 0%
Test for overall effect: Z = 1.27 (P = 0.20)

01 02 05 1 2 5 10

FavoursIr  Favours No-Ir

Figure 4. Forest plot of vertical jump test between the nonirradiated and irradiated allograft using for ACL reconstruction. ACL = anterior cruciate ligament.

Review: Newr review
Comparison: 01 Non-Ir vs Ir
Qutcome: 04 One-leg hop test
Study Nen-Ir Ir OR (fixed) Weight OR (fixed)
or sub-category n/N niN 95% ClI % 95% ClI
1 42/44 36/339 L » 40.35 1.75 ([(0.28, 11.08]
2 3e/38 28/31 L » 38.31 1.93 (0.30, 12.34]
3 33/34 29/32 L2 » Z0.74 3.41 [0.34, 34.€5]
Total (95% Cly 11¢ 102 —eagliSee—  100.00 2.16 (0.70, €.89]
Total events: 111 (Non-Ir), 93 (Ir)
Test for heterogeneity: Chi?= 0.21, df = 2 (P = 0.90), I?= 0%
Test for overall effect: Z = 1.34 (P = 0.18)

01 02 05 1 2 5 10

Favours Ir  Favours No-Ir

Figure 5. Forest plot of One-leg hop test between the nonirradiated and irradiated allograft using for ACL reconstruction. ACL = anterior cruciate ligament.
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Review: New review

Comparison: 01 Non-Ir vs I

Outcome: 05 Pivot shift test

Study Non-Ir Ir OR (fixed) Weight OR (fixed)

or sub-category N n/N 95% ClI % 95% ClI

1 44/44 35/3% s E— 9.30 11.28 [0.59, 21&.59]
2 38/38 27/31 —_— 8.6z 1z2.60 [0.85, 243.75]
3 34/34 28/32 )% 9.33 10.89 [0.56, 211.00]
5 30/33 55/68 ——mB— 72.75 2.36 [0.62, 8.95]
Total (95% CIy 149 170 ~=ea@lSw- 100.00 4.87 [1.76, 13.48]
Total events: 146 (Non-Ir}), 145 (Ir)

Test for heterogeneity: Chi?= 2,12, df = 3 (P = 0.55), 17= 0%

Test for overall effect: Z = 3.05 (P = 0.002)

0.1

02 05 1 2 S 10

FavoursIr  Favours No-Ir

Figure 6. Forest plot of Pivot shift test between the nonirradiated and irradiated allograft using for ACL reconstruction. ACL = anterior cruciate ligament.

Review: New review
Comparison: 01 Non-Ir vs Ir
Outcome: 08 ADT
Study Non-Ir Ir OR (fixed) Weight OR (fixed)
or sub-category N n/N 95% Cl % 95% CI
1 42/44 29/38 —=) 25.71 7.24 [1.48, 35.52]
2 35/38 22/31 —®—F 40.66 4.77 [1.1&, 19.571
3 32/34 23/32 —_—8—) 29.83 e.2¢ [1.24, 31.74]
Total (85% Cl) 116 102 ~eo@iil 100.00 5.95 [2.46, 14.37]
Total events: 109 (Non-Ir}, 74 (Ir)
Test for heterogeneity: Chi?= 0.16, df = 2 (P = 0.92), I7= 0%
Test for overall effect: Z = 3.96 (P < 0.0001)

01 02 0s 1 2 5 10

FavoursIr  Favours No-Ir

Figure 7. Forest plot of ADT between the nonirradiated and irradiated allograft using for ACL reconstruction. ACL = anterior cruciate ligament, ADT = anterior

drawer test.

Review: New review
Comparison: 01 Non-Ir vs I
Outcome: 07 Failure
Study Non-Ir Ir OR (fixed) Weight OR (fixed)
or sub-category N n/N 95% Cl % 95% CI
1 0/44 0/39 Not estimable
2 4/38 10/31 +—— 27.04 0.25 [0.07, 0.89]
3 3/34 11/32 — 28.35 0.18 [0.05, 0.74]
4 1742 11/33 — 33.00 0.05 [0.01, 0.40]
5 0/33 €/68 ¢ 11.60 0.14 [0.01, 2.63]
Total (35% CI) 191 203 A 100.00 0.15 [0.07, 0.34]
Total events: 8 (Non-Ir), 38 (Ir)
Test for heterogeneity: Chi?= 1.74, df = 3 (P = 0.63), 17= 0%
Test for overall effect: Z = 4.56 (P < 0.00001)

01 02 05 1 2 5 10

Favours Mon-Ir  Favours Ir

Figure 8. Forest plot of failure cases between the nonirradiated and irradiated allograft using for ACL reconstruction. ACL = anterior cruciate ligament.

the results were various due to the variety of tissues used,
different surgical technique and postoperative rehabilitation
protocols.>*1-241 Tn a recent systematic review, Zeng et all?’!
reported that there were no significant differences between
autograft and nonirradiated allograft regarding to function
and stability, whereas both autograft and nonirradiated
allograft are superiors than irradiated allograft, and the dif-
ference is significant.

One of the major concerns with the use of allograft is the risk
of disease transmission.?! Gamma irradiation which has known
bactericidal and virucidal properties is the most popular method of
sterilizing tissue transplants.”” However, biomechanical research
showed that allograft irradiation has adverse effects on biome-
chanical properties of allograft in a dose-dependent fashion.”!

Fideler et al?® reported that the dose of 2.5 Mrad was just bac-
teriocidal, and doses of 3 to 4 Mrad were necessary to inactivate
the virus, such as HIV. Whereas Curran et al’! demonstrated that
doses as low as 2 Mrad resulted in a statistically significant reduc-
tion the initial stiffness and strength of tendon allograft. When
irradiated grafts were used for ACL reconstruction, the alteration
in biomechanical properties may affect the clinical outcomes and
failure rate. Rappe et al'"and Sun et al'*?'reported similar results,
a significant increased in the failure rate in the irradiated allograft
group. Conversely, Rihn et al?*! compared irradiated BPTB
allograft and BPTB autograft, the result showed that no adverse
effect of irradiation on clinical outcome.

In the present review study, most of the clinical functional
scores were significant better in nonirradiated group, including,
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Review: New review
Comparison: 01 Nen-Ir vs I
Outcome: 08 Lachman test
Study Nen-Ir Ir OR (fixed) Weight OR (fixed)
or sub-category n/N niN 95% CI % 95% ClI
1 41/44 28/39 —a—) 31.79 5.37 (1.37, 21.00]
2 34/38 21/31 ——m—F 38.23 4.05 [1.12, 14.57]
3 31/34 21732 —8&—) 29.398 5.41 ([1.35, 21.77]
Total (95% Cly 11¢ 102 ~aagiiiRee-- 10000 4.88 (2.25, 10.57)
Total events: 108 (Non-Ir), 70 (Ir)
Test for heterogeneity: Chi?= 0.12, df = 2 (P = 0.94), 7= 0%
Test for overall effect: Z = 4.01 (P < 0.0001)

0.1 02 05 1 2 5 10

FavoursIr  Favours No-Ir

Figure 9. Forest plot of Lachman test between the nonirradiated and irradiated allograft using for ACL reconstruction. ACL = anterior cruciate ligament.

Review: New review
Comparison: 01 Non-ir vs Ir
Outcome: 09 KT-2000/1000
Study Non-ir Ir WMD (random) Weight WMD (random)
or sub-category N Mean (SD) N Mean (SD) 95% CI % 95% CI
1 44 2.50(0.80) 339 5.50(1.10) a 28.18 =3.00 [-3.42, -2.58]
2 38 2.70(0.80) 31 5.60(3.10) —- 2z2.12 -2.90 [-4.02, -1.78]
3 34 2.60(0.90) 3z 5.50(3.60) —— 20.52 -2.90 [-4.18, -1.62]
5 33 2.60(0.40) L1:3 4.10({0.60) a 29.19 -1.50 [-1.70, -1.30]
Total (95% CI) 149 170 < 100.00 -2.52 [-3.57, -1.47]
Test for heterogeneity: Chi?= 46.94, df = 3 (P < 0.00001), I?= 93.6%
Test for overall effect: Z = 4.68 (P < 0.00001)
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Figure 10. Forest plot of KT-2000 side-to-side differences between the nonirradiated and irradiated allograft using for ACL reconstruction. ACL = anterior

cruciate ligament.

Review: New review
Comparison: 01 Non-Ir vs Ir
Outcome: 10 Subjective IKDC
Study Non-Ir I WMD (random) Weight WND (random)
or sub-category N Mean (SD) N Mean (SD) 85% CI % 95% CI
1 44 88.20(10.30) 33 84.30(11.10) - 35.10 3.90 [-0.73, 8.53]
2 38 88.00(5.00) 31 83.00(10.00} _— 36.43 5.00 [0.48, 9.54]
3 34 89.00(9.00) 32 84.00(12.00) ———=—F 28.41 5.00 [-0.14, 10.14]
Total (95% CI) 116 102 e 100.00 4.61 [1.87, 7.35]
Test for heterogeneity: Chi?= 0.14, df = 2 (P = 0.93), I7= 0%
Test for overall effect: Z = 3.30 (P = 0.0010)
-10 -5 0 S 10
FavoursIr  Favours No-Ir

Figure 11. Forest plot of Subjective IKDC between the nonirradiated and irradiated allograft using for ACL reconstruction. ACL = anterior cruciate ligament,

IKDC = International Knee Documentation Committee.

Review: New review

Comparison: 01 Non-Ir vs Ir

Outcome: 11 Cincinnati knee score

Study Non-Ir Ir WMD (random) Weight WMD (random)

or sub-category N Mean (SD) N Mean (SD) 95% Cl % 95% CI
1 44 89.80(11.20) 33 86.20(10.40) - 43.77 3.60 [-1.05, B.25]
2 38 90.00(9.00) 31 85.00(13.00) +T—=—F 3z.4¢ 5.00 [-0.40, 10.40]
3 34 91.00{12.00) 3z 85.00(14.00) —= > 23.76 €.00 [-0.31, 12.31]

Total (95% CI) 118 102 R 100.00

Test for heterogeneity: Chi?= 0.29, df = 2 (P = 0.82), I?= 0%
Test for overall effect: Z = 2.95 (P = 0.003)
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Figure 12. Forest plot of Cincinnati knee score between the nonirradiated and irradiated allograft using for ACL reconstruction. ACL = anterior cruciate ligament.

subjective IKDC (P = .0010), Cincinnati knee score (P = .003),
Lysholm score (P = .0002), Tegner score (P = .002). That
means patients feel more comfortable when using nonirradi-
ated allograft for ACL reconstruction, even though there was

no significant difference in Overall IKDC (P = .58). No signif-
icant differences were found between the 2 groups according
to the range of motion (P = .82), vertical jump test (P = .20),
and one-leg hop test (P = .18). But there was an increase in
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Review: New review
Comparison: 01 Men-Irvs Ir
Outcome: 12 Lyshelm score
Study Non-Ir Ir WMD (random) Weight WMD (random)
or sub-category N Mean (SD) N Mean (SD) 95% CI % 95% CI
1 44 88.80(11.30} 33 85.90(9.30) -1t 23.58 2.90 [-1.53, 7.33]
2 38 90.00(7.00) 31 87.00(11.00) —_ 23.25 3.00 [-1.47, 7.47]
3 34 91.00(8.00) 32 87.00(10.00) — 24.11 4.00 [-0.33, B.39]
s 33 85.60(10.10) &8 79.80(8.50) —s— 29.06 5.80 [1.81, 5.79]
Total (5% CI) 149 170 - 100.00 4.03 [1.88, &€.18]
Test for heterogeneity: Chi?=1.21, df =3 (P =0.75), I7= 0%
Test for overall effect: Z = 3.67 (P = 0.0002)
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Figure 13. Forest plot of Lysholm score between the nonirradiated and irradiated allograft using for ACL reconstruction. ACL = anterior cruciate ligament.

Review: New review
Comparison: 01 Non-Ir vs Ir
Qutcome: 13 Tegner score
Study Non-Ir Ir WND (random) Weight WND (random)
or sub-category N Mean (SD) N Mean (SD) 95% CI % §5% CI
1 44 7.70({1.00) 39 7.40(1.10) 28.40 0.30 [-0.15, 0.75)
3 34 7.50{1.50) 3z 7.00{1.70) 9.76 0.50 [-0.28, 1.28]
S 33 4.10{0.80) €8 3.70(0.¢€0) €l.84 0.40 [0.08, 0.71]
Total (95% Cly 111 139 i3 100.00 0.38 [0.14, 0.62]
Test for heterogeneity: Chi?= 0.23, df = 2 (P = 0.89), I?7= 0%
Test for overall effect: Z = 3.09 (P = 0.002)
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Figure 14. Forest plot of Tegner score between the nonirradiated and irradiated allograft using for ACL reconstruction. ACL = anterior cruciate ligament.

anterior laxity or rate of graft rupture in patients who under-
went reconstruction with irradiated allograft according to the
ADT (P < .0001), failure rate (P < .00001), Lachman test (P <
.0001), and maximal manual KT-2000 test (P < .00001). The
rate of rotational instability also increased according to pivot
shift test (P = .002). Thus, we do not suggest surgeon to use
irradiated allograft in ACL reconstruction. Many antibiotic
soaks can limit bioburden and associated immune response,
such as various chemical rinses (e.g., peracetic acid) and pro-
prietary treatments (e.g., AlloWash [LifeNet Health, Virginia
Beach, VA]). These methods are not without potential harmful
side effects. Ethylene oxide has been largely eliminated from
current chemical processing practices because of strong asso-
ciations with intense foreign body reaction, chronic synovitis,
and graft dissolution.?2! Even so, further research into new
alternative sterilization techniques are needed to avoiding the
disease transmission without interference with the biomechani-
cal properties of the grafts.

There are some limitations in the present study: (1) the num-
ber of trials included was not so adequate, which just had 5
separate trials; (2) we cannot include some unpublished studies
and data; (3) the quality of some trials, which did not provide
adequate randomization and blinding method, was not high
enough. These limitations should be avoided as far as possible
when drafting new trials.

5. Conclusion

The nonirradiated allografts were superior to the irradiated
allografts based on improved knee joint functional scores and
decreased failure rate, even though there was no significantly
difference with respect to overall IKDC, range of motion, verti-
cal jump test, and one-leg hop test. Irradiated allograft should
be limited to be used in ACL surgery and further research into
new alternative sterilization techniques are needed to avoiding
the disease transmission without interference with the biome-
chanical properties of the grafts.

Author contributions

Conceptualization: Yan Liu, Shan Yang.

Data curation: Xuegang Liu , Shan Yang.
Formal analysis: Yancai Liu, Shan Yang.

Writing — original draft: Zeming Liu, Shan Yang.
Writing — review & editing: Shan Yang.

References

[1] Mattias A, Jiiri K, Lars E, et al. Knee laxity measurements after ante-
rior cruciate ligament reconstruction, using either bone-patellar-ten-
don-bone or hamstring tendon autografts, with special emphasis
on comparison over time. Knee Surg Sports Traumatol Arthrosc.
2009;17:1117-24.

Forster MC, Forster IW. Patellar tendon or four-strand hamstring? A
systematic review of autografts for anterior cruciate ligament recon-
struction. Knee. 2005;12:225-30.

Prodromos CC, Fu FH, Howell SM, et al. Controversies in soft tissue
anterior cruciate ligament reconstruction: graft, bundles, tunnels, fixa-
tion, and harvest. ] Am Acad Orthop Surg. 2008;16:376-84.

Hamada M, Shino K, Mitsuoka T, et al. Crosssectional area mea-
surement of the semitendinosus tendon for anterior cruciate ligament
reconstruction. Arthroscopy. 1998;14:696-701.

Curran AR, Adams DJ, Gill JL, et al. The biomechanical effects of low-
dose irradiation on bone-patellar tendon-bone allografts. Am J Sports
Med. 2004;32:1131-5.

Harner CD, Olson E, Irrgang JJ, et al. Allograft versus autograft
anterior cruciate ligament reconstruction: 3- to S-year outcome. Clin
Orthop Relat Res. 1996;324:134-44.

Grieb TA, Forng R-Y, Bogdansky S, et al. High-dose gamma irradia-
tion for soft tissue allografts: high margin of safety with biomechanical
integrity. ] Orthop Res. 2006;24:1011-8.

Schwartz HE, Matava MJ, Proch FS, et al. The effect of gamma irra-
diation on anterior cruciate ligament allograft biomechanical and bio-
chemical properties in the caprine model at time zero and at 6 months
after surgery. Am ] Sports Med. 2006;34:1747-55.

Moher D, Liberati A, Tetzlaff ], et al. Preferred reporting items for sys-
tematic reviews and meta-analyses: the PRISMA statement. Ann Intern
Med. 2009;151:264-9, W64.

[2

[3

[4

[5

6

[7

8

[9



Liu et al. e Medicine (2022) 101:32

[10] Higgins JPT, Green S. Cochrane handbook for systematic reviews
for intervention. Version 5.0.0:180. (updated February 2008) The
Cochrane Collaboration.

[11] Sun K, Jihua Z, Yan W, et al. A prospective randomized comparison
of irradiated and non-irradiated hamstring tendon allograft for ACL
reconstruction. Knee Surg Sports Traumatol Arthrosc. 2012;20:187-94.

[12] Sun K, Shaoqi T, Jihua Z, et al. Anterior cruciate ligament reconstruc-

tion with BPTB autograft, irradiated versus non-irradiated allograft:

a prospective randomized clinical study. Knee Surg Sports Traumatol

Arthrosc. 2009;17:464-74.

Lin G, Liu Y, Xiao-jun D, et al. Anterior cruciate ligament reconstruction

with Bone-Patellar Tendon—Bone Graft: comparison of autograft, Fresh-

Frozen allograft, and -Irradiated allograft. Arthroscopy. 2012;28:211-7.

[14] Rappe M, MaryBeth H, Keith M, et al. Nonirradiated versus irradi-
ated achilles allograft: in vivo failure comparison. Am ] Sports Med.
2007;35:1653-8.

[15] Tian S, Ha C, Wang B, et al. Arthroscopic anatomic double-bundle ACL
reconstruction using irradiated versus non-irradiated hamstring tendon
allograft. Knee Surg Sports Traumatol Arthrosc. 2017;25:251-9.

[16] Daniel DM, Stone ML, Dobson BE, et al. Fate of the ACL injured patient:
a prospective outcome study. Am J Sports Med. 1994;22:632-44.

[17] Engebretsen L, Benum P, Fasting O, et al. A prospective, randomized
study of three surgical techniques for treatment of acute ruptures of the
anterior cruciate ligament. Am ] Sports Med. 1900;18:585-90.

[18] Fu FH, Bennett CH, Ma CB, et al. Current trends in anterior cruciate
ligament reconstruction. Part II: operative procedures and clinical cor-
relations. Am J Sports Med. 2000;28:124-30.

[19] Cole DW, Ginn TA, Chen GJ, et al. Cost comparison of anterior cru-
ciate ligament reconstruction: autograft versus allograft. Arthroscopy.
2005;21:786-90.

[20] Mascarenhas R, Erickson BJ, Sayegh ET, et al. Is there a higher failure
rate of allografts compared with autografts in anterior cruciate liga-
ment reconstruction: a systematic review of overlapping meta-analyses.
Arthroscopy. 2015;31:364-72.

[21] Kustos T, BalintL, Than P, et al. Comparative study of autograft or
allograft in primary anterior cruciate ligament reconstruction. Int
Orthop. 2004;28:290-3.

(13

www.md-journal.com

[22] Malinin TI, Levitt RL, Bashore C, et al. A study of retrieved allograft used

to replace anterior cruciate ligaments. Arthroscopy. 2002;18:163-70.
Nyland J, Caborn DNM, Rothbauer ], et al. Two-year outcomes
following ACL reconstruction with alograft tibialis anterior ten-
dons:a retrospective study. Knee Surg Sports Traumatol Arthrosc.
2003;11:212-8.

Siebold R, Buelow JU, BosL, et al. Primary ACL reconstruction with
fresh-frozen patellar versus Achilles tendon allografts. Arch Orthop
Trauma Surg. 2003;123:180-5.

Chao Z, Shu-guang G, Hui L, et al. Autograft versus allograft in ante-
rior cruciate ligament reconstruction: a meta-analysis of randomized
controlled trials and systematic review of overlapping systematic
reviews. Arthroscopy. 2016;32:153-63.¢18.

Buck BE, Malinin TI, Brown MD. Bone transplantation and human
immunodeficiency virus: an estimate of risk of acquired immunodefi-
ciency syndrome (AIDS). Clin Orthop Relat Res. 1989;240:129-36.
Bhatia S, Bell R, Frank RM, et al. Bony incorporation of soft tissue
anterior cruciate ligament grafts in an animal model: autograft ver-
sus allograft with low-dose gamma irradiation. Am ] Sports Med.
2012;40:1789-98.

Fideler BM, Vangsness CT Jr, Lu B, et al. Gamma irradiation: effects
on biomechanical properties of human bonepatellar tendon-bone
allografts. Am | Sports Med. 1995;23:643-6.

Rihn JA, Irrgang JJ, Chhabra A, et al. Does irradiation affect the clinical
outcome of patellar tendon allograft ACL reconstruction? Knee Surg
Sports Traumatol Arthrosc. 2006;14:885-96.

[30] Jackson DW, Windler GE, Simon TM. Intraarticular reaction associ-

ated with the use of freeze-dried, ethylene oxide-sterilized bone-patellar
tendon-bone allografts in the reconstruction of the anterior cruciate
ligament. Am ] Sports Med. 1990;18:1-10; discussion 10.

Roberts TS, Drez D Jr, McCarthy W, et al. Anterior cruciate ligament
reconstruction using freeze-dried, ethylene oxide-sterilized, bone-patel-
lar tendon-bone allografts. Two year results in thirty-six patients. Am |
Sports Med. 1991;19:35-41.

Lamblin CJ, Waterman BR, Lubowitz JH. Anterior cruciate liga-
ment reconstruction with autografts compared with non-irradiated,
non-chemically treated allografts. Arthroscopy. 2013;29:1113-22.



