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Background: Some early biomechanical studies have pointed out that the strength of transosseous suturing is not quite satis-
factory. Based on previous studies, we enhanced the strength-related factors and developed a high-strength transosseous suture
method, open-box (OBOX), which may offer superior biomechanical strength.

Purpose/Hypothesis: The purpose of this study was to compare cyclic loading, ultimate load to failure, and failure mode of
OBOX configuration with those of the anchorless X-box (XBOX) construct and the anchored double-row suture bridge (ADRSB)
construct. It was hypothesized that the ultimate strength (US) of the OBOX configuration is similar to that of the ADRSB construct
and higher than that of the XBOX construct.

Study Design: Controlled laboratory study.

Methods: A total of 24 fresh-frozen porcine cadaveric shoulders were randomized to 3 repair constructs (8 cases per group). The
infraspinatus tendon was detached and repaired to the footprint of the supraspinatus with different repair constructs. Biomechan-
ical testing involved initial preload, cyclic loading, and ultimate failure load. Cameras recorded the bare footprint area (BFA, %),
optical markers monitored first-cycle excursion (FCE, mm), and cyclic elongation (CE, %). The US (N) was measured by a mechan-
ical testing machine, and the failure mode was recorded.

Results: The mean US in the OBOX group (708.91 6 116.34 N) was significantly higher than that in the XBOX group (466.58 6 70
N) (P \ .001) and similar to that in the ADRSB group (630.21 6 106.52 N) (P = .387). CE significantly differed between XBOX and
ADRSB (P = .019), but not between OBOX and XBOX, or between OBOX and ADRSB. The ADRSB group had better fatigue resis-
tance than the OBOX group. In addition, there were no significant intergroup differences in FCE or BFA in the initial and final
cycles. The order of the failure mode incidence was as follows: XBOX . OBOX = ADRSB for type 1 tendon tear, OBOX .

XBOX = ADRSB for type 2 tendon tear, and ADRSB . OBOX = XBOX for fixing material-related failure.

Conclusion: The OBOX construct demonstrated significantly higher mean US than the XBOX construct in the porcine cadaveric
model and was comparable with ADRSB repair. The most common failure modes were type 2 tendon tear for OBOX, type 1 ten-
don tear for XBOX, and fixing material-related failure for ADRSB.

Clinical Relevance: The OBOX configuration represents a novel transosseous repair method with high fixation strength compa-
rable with the ADRSB construct and stronger than the XBOX construct. However, caution is necessary because of the potential
for type 2 tendon tear associated with OBOX, which could complicate revision procedures.

Keywords: biomechanical study; double-row suture bridge; rotator cuff repair; transosseous repair

Rotator cuff injury is a prevalent condition characterized
by shoulder pain and dysfunction, with a prevalence
rate7 ranging from 13% to 32%. The primary challenge in
rotator cuff repair lies in achieving a stable, durable, and
cost-effective interface for tendon-bone fixation. The
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transosseous suture technique represents the gold stan-
dard in open surgical cuff repair. This cost-effective tech-
nique, with its advantages of promoting healing,
minimizing anchor displacement, and facilitating repair
in case of retear, has gained significant attention in recent
years, particularly because of its applicability in arthro-
scopic procedures. Most studies20 have reported favorable
clinical efficacy and biomechanical properties, with the
longest follow-up period spanning 10 to 18 years.

Several early biomechanical studies18,23,31,37,38 reported
suboptimal transosseous suture fixation strength. How-
ever, a recent meta-regression analysis reviewing 40 bio-
mechanical studies has shown a limited association
between construct strength and fixation type.1 The type
and number of sutures, suture limbs, and the inclusion of
mattress stitches may serve as more reliable predictors of
fixation strength compared with the type of construct.
With the same number of suture limbs, there are no
significant differences in biomechanical strength among
single-row anchored, double-row anchored, transosseous
equivalent, and transosseous repairs.12 We developed a tech-
nique for transosseous repair using more sutures, suture
limbs, and mattress stitches than the X-box (XBOX) config-
uration, called the open-box (OBOX) configuration.

The suture configuration of OBOX (Figure 1A) bears
resemblance to that of the anchored double-row suture
bridge (ADRSB) (Figure 1B) and encompasses additional
factors associated with fixation strength, surpassing those
offered by the XBOX technique (Figure 1C). This study

hypothesized that the biomechanical strength of the
OBOX configuration is much higher than that of the tradi-
tional transosseous suture in the XBOX technique and is
similar to that of the ADRSB technique. Consequently,
we would be able to offer a viable high-strength transoss-
eous suture method for clinical application.

METHODS

In this study, 24 fresh-frozen porcine cadaveric shoulders,
with a mean age of approximately 12 6 2 weeks, were uti-
lized. The shoulders were randomly assigned to 1 of the 3
repair groups—OBOX, XBOX, and ADRSB. The randomi-
zation process was conducted using a random-number
table, with the random-number generator in Microsoft
Excel (Microsoft) employed for this purpose. There were
no significant differences in the mean weight of the pre-
pared specimens between the OBOX (655.86 6 28.6 g),
XBOX (639.94 6 41.26 g), and ADRSB (626.51 6 34.94 g)
groups (P = .272). The time elapsed between the animal’s
death and freezing of the shoulder did not exceed 24 hours.
Before the procedure, the specimens, which had been
stored at 222�C, were thawed to room temperature. The
dissection of all specimens and the subsequent orthopaedic
surgery were performed by an experienced shoulder sur-
geon (J.M.) with the assistance of a senior surgeon (Z.J.).
Specimens that exhibited damage to the infraspinatus

Figure 1. Three types of suture configuration. (A) XBOX. (B) ADRSB. (C) OBOX. ADRSB, anchored double-row suture bridge;
OBOX, open box; XBOX, x box.

§Address correspondence to Jia Ma, MD, Wangjing Hospital of China Academy of Chinese Medical Sciences, No. 6, Wangjing Zhonghuan South Road,
Chaoyang District, Beijing, China (email: f3c_ma@163.com).

*Wangjing Hospital of China Academy of Chinese Medical Sciences, Beijing, China.
yInstitute of Sports Medicine, Peking University Third Hospital, Beijing, China.
zBeijing Key Laboratory of Manipulative Technique, Beijing, China.
Final revision submitted November 17, 2024; accepted December 12, 2024.

One or more of the authors has declared the following potential conflict of interest or source of funding: This study was supported by the major research
project of the Science and Technology Innovation Project of the Chinese Academy of Traditional Chinese Medicine (Project number: CI2021A02016) and
the Special Project for Clinical Evidence-based Research of Traditional Chinese Medicine in the Construction Project of High-level Traditional Chinese
Medicine Hospitals of Wangjing Hospital, Chinese Academy of Chinese Medical Sciences (Project number: WJYY-XZKT-2023-12). AOSSM checks author
disclosures against the Open Payments Database (OPD). AOSSM has not conducted an independent investigation on the OPD and disclaims any liability or
responsibility relating thereto.

Ethical approval was not sought for the present study.

2 Yan et al The Orthopaedic Journal of Sports Medicine



muscle or tendon, as well as any bone above the surgical
neck of the humerus during specimen isolation or fabrica-
tion, were excluded from the study.

Specimen Preparation

All soft tissue around the humerus, except for the infraspi-
natus tendon and the muscle used for testing purposes,
was meticulously removed, while a portion of the proximal
scapula was retained for stable clamping. The selection of
the infraspinatus muscle is based on previous studies15,19

and the results of the pre-experiment of this study, consid-
ering its similarity to human anatomy in terms of tendon
length and footprint. Moreover, the ultimate strength
(US) result of the ADRSB construct in the pre-experiment
of this study is 521 6 36.6 N, which far exceeds the result
of 175 6 82 N from the repair to the original footprint of
porcine infraspinatus in the literature,11 and is closer to
the US intervals of human shoulder joint specimens such
as12 578.5 6 123.8 N and25 558.4 6 122.9 N. Subsequently,
the infraspinatus muscle was carefully isolated and fully
detached from its insertion on the greater tubercle of the
humerus, simulating a complete avulsion of the rotator
cuff tendon. To ensure secure positioning, the free lateral
distal humerus was embedded in a polyvinyl chloride
pipe using acrylic cement. Once the specimen met the nec-
essary criteria, repair procedures were performed accord-
ing to the randomized treatment group. All repair knots
were tied using a standardized surgeon’s knot technique,
incorporating an additional 3 reversing half-hitches on
alternating posts.

The experimental group (OBOX construct) was created
using the following 7 steps: (1) Two sets of bone tunnels
were made 15 mm apart in the greater tubercle adjacent
to the cartilage margin using our self-designed special
humeral guide for the transosseous suture method; (2)
Six high-strength composite braided synthetic surgical
No. 2 sutures (Delta Co) were introduced using a guideline.
Sutures 1, 2, 3, and 4 were individually introduced into 1 of
the bone tunnels, while sutures 5 and 6 were looped contin-
uously through the 2 bone tunnels, with the guide line
reserved at the suture button position; (3) The free infra-
spinatus tendon was marked 20 mm from the tearing
edge, and the widest distance was measured as 15 mm
from the tendon center. Eight suture limbs (5a, 6a, 1a,
2a, 3a, 4a, 5b, and 6b) were evenly passed through the ten-
don separately; (4) Suture limbs 1a and 2a, as well as 3a
and 4a, were knotted together pairwise and pulled tightly
in reverse. Then, suture limbs 1b and 3b, as well as 2b and
4b, were pulled in reverse through the 2 bone tunnels,
after which each pair was individually knotted at the lat-
eral ends of these tunnels; (5) Sutures 5a and 6a, as well
as 5b and 6b, were knotted separately; (6) The guideline
at the suture button position passed the 2 suture limbs
(5a and 5b) across the suture button. Subsequently,
sutures 5a and 6a, as well as sutures 5b and 6b, were knot-
ted; and (7) Sutures 1a and 1b, 2a and 2b, 3a and 3b, and
4a and 4b, were knotted in a crossed X pattern, resulting in
an OBOX construct with a ‘‘square’’ shape outside and

a ‘‘X’’ shape inside, resembling a box that opens from the
top (Figure 2).

The control group 1 (XBOX construct) was created as
follows: (1) Using our specially designed humeral guide
for the transosseous suture method, 2 sets of bone tunnels
were made in the greater tubercle adjacent to the cartilage
margin, with a separation of 15 mm; (2) Each set of bone
tunnels was threaded with 3 high-strength composite
braided synthetic surgical No. 2 sutures (Delta Co), guided
by a guide line. The posterior bone tunnel accommodated
sutures 1 to 3, while the anterior bone tunnel accommo-
dated sutures 4 to 6; (3) A segment of the free infraspinatus
tendon, measuring 20 mm from the tear edge, was selected.
Two sutures were passed through the tendon at a central
location with a separation of 15 mm, corresponding to the
respective sutures from the 2 tunnel sites—sutures 1 to 3
from 1 site, and sutures 4 to 6 from the other site; and
(4) Knots were tied separately for sutures 1a and 1b, and
6a and 6b. Knots 2a and 5b and 2b and 5a were tied in
a crossed X-shape configuration, and knots 3a and 4a,
and 3b and 4b were tied in a mattress square configura-
tion. The sutures were securely fastened, resulting in an
XBOX construct with an ‘‘X’’ shape within the peripheral
‘‘square’’ (Figure 3).

The control group 2 (ADRSB construct) was imple-
mented as follows: (1) Two double-loaded 5-mm titanium
anchors with No. 2 high-strength composite braided syn-
thetic surgical sutures (SA-I; Delta Co) were inserted
into the greater tubercle adjacent to the cartilage margin,
spaced 15 mm apart; (2) The free infraspinatus tendon was
identified at a distance of 20 mm from the tear edge. Eight
suture limbs from 4 sutures (1a, 1b, 2a, 2b, 3a, 3b, 4a, and
4b) were threaded evenly from the 8 stitches; (3) Knots
were tied at suture limbs 1a and 1b, 2a and 2b, 3a and
3b, and 4a and 4b; and (4) Two double-loaded 5-mm tita-
nium anchors (SA-I; Delta Co) were placed as the lateral-
row anchor sites in the lateral humeral cortex, positioned
10 mm below the lateral edge of the greater tubercle and
in the same coronal plane as the 2 previously mentioned
medial-row anchors. Suture limbs 1a and 5a, 1b and 5b,
4a and 8a, 4b and 8b, 2a and 7a, 2b and 7b, 3a and 6a,
and 3b and 6b were knotted, and the final suture ends
were secured in the ADRSB construct (Figure 4).

Biomechanical Testing

The humerus was immobilized using acrylic cement encap-
sulation and securely clamped with a specialized fixture on
the suspension arm of a mechanical testing machine (Ger-
hon Corporation). The humerus was positioned at a 30�
abduction angle. We simulated the anatomic positioning
of the supraspinatus with the arm in 60� of abduction.
According to Poppen and Walker,21 this position produces
peak muscle forces during elevation of the normal shoul-
der. We kept the humeral rotation neutral for all speci-
mens, using the bicipital groove and lesser tuberosity as
rotational landmarks. In addition, a special clamping was
used to fix the proximal infraspinatus muscle and scapula
connected to it, which was located approximately 10 cm
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away from the tear edge, and positioned it at the lower end
of the testing machine (Figure 5). The load was increased
through the suspension arm of the testing machine.

The first-cycle excursion (FCE, mm) and cyclic elonga-
tion (CE, %) were monitored and assessed with 2 rows of
reflective markers uniformly placed on the tendon surface.
The lateral row consisted of 2 markers with 6 mm diame-
ters (half-spheres fixed on thumbtacks) inserted into the
bone just lateral to the repair site. The medial row con-
sisted of two 6 mm–diameter markers pinned into the ten-
don, adjacent to the medial-row knots. Tracking the motion
of the markers was accomplished using the OptiTrack

motion capture system (Version 1.10.1; Natural Point,
Inc). The system employed a digital motion-capture lens,
which provided precise measurements with an accuracy
of 0.1 mm, capturing the x, y, and z coordinates in 3
dimensions.

Furthermore, the bursal side of the tendon was delin-
eated by injecting methylene blue, specifically marking
the projected edge of the tubercle covered by the repaired
tendon. Throughout the experiment, a high-definition cam-
era was employed to capture images at the preloaded state
of 10 N, as well as at 180 N during the first and 100th
cycles. These images were subsequently used to measure

Figure 2. The experimental group (OBOX construct). (A) Vernier calipers were used to ensure a tunnel spacing of 15 mm. (B)
Sutures were evenly passed through the tendon. (C) Sutures 1a and 2a, as well as 3a and 4a, were knotted together pairwise,
and sutures 1b and 3b, as well as 2b and 4b, were pulled in opposite directions and knotted at the outer entrance of the tunnel.
(D) A guide wire was placed for sutures 5a and 5b and guided across the suture button. After the 2 ends of the sutures 5 and 6,
respectively, crossed the suture button, sutures 5a and 6a were tied together, and sutures 5b and 6b were also tied together. (E)
The suture effect is shown in the gross specimen (porcine shoulder joint). (F) The schematic diagram shows the OBOX construct
with a lateral ‘‘square’’ and a medial ‘‘X’’ shape with an opening on the top. OBOX, open box.
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the loss of footprint coverage, identifying the bare footprint
area (BFA, %).

To stabilize the specimen in the experimental setup, a 2-
minute preload of 10 N in tension was applied to the
repaired infraspinatus tendon. Fatigue resistance experi-
ments were subsequently conducted, employing cyclic
loads ranging from 10 to 180 N at a rate of 1 mm/s for
a total of 100 cycles. The displacement tension curve graph
illustrating these experiments is presented in Figure 6. If
the preceding fatigue resistance experiments did not result
in suture structure failure, the tendon was gradually
retracted at a rate of 10 mm/s until complete rupture
occurred. Failure strength was recorded at the moment

of failure. After the conclusion of the failure test, the con-
dition of both the tendon and bone was meticulously docu-
mented, and encompassed the following: type 1 tear:
failure at the site of repair, often with tendon detachment
from the bone; type 2 tear: failure medial to the repair
(muscle-tendon junction), with remnants of the tendon still
attached to the bone; and fixing material-related failure of
anchor or suture, which has not yet been formally defined
in the literature.

The MATLAB software (MathWorks Inc) was utilized
for optical data analysis, employing the 3-dimensional
Euclidean space algorithm to calculate the mean medial-
to-lateral distance between the 2 rows of marker points.

Figure 3. Control group 1 (XBOX construct): (A) Six X-box sutures were placed in 2 locations through the tendon. (B) Sutures 1a
and 1b, as well as 6a and 6b, were knotted separately (green line); sutures 2a and 5b, as well as 2b and 5a, were knotted in
a crossed X pattern (yellow line); and sutures 3a and 4a, as well as 3b and 4b, were knotted in a mattress pattern (purple
line). The suture structure forms an XBOX construct with an ‘‘X’’ shape inside the peripheral ‘‘square.’’ (C) The X-box suture effect.

Figure 4. Control group 2 (ADRSB construct). (A) Medial row anchors were placed. (B) Sutures were placed evenly through the
tendon. (C) Knots were tied between 1a and 1b, 2b and 2b, 3a and 3b, and 4a and 4b. (D) Suture effect on the gross specimen
(porcine shoulder joint).
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The FCE was defined as the elongation of the construct
from the preloaded state to the peak of the first cycle and
was used to measure the initial stability of the construct.
We determined the CE as a percentage of gapping from
the preloaded state to the end of cyclic testing as follows:
(Lf 2 Li)/Lp. Here, Li represents the mean distance
between the 2 sets of marker points at the peak of the ini-
tial 5 cycles after the preloaded state, Lf represents the
mean distance between the 2 sets of marker points at the
peak of the final 5 cycles, and Lp represents the mean

distance between the 2 sets of marker points after the 10
N preloaded state.

The percentage of footprint coverage loss represents the
portion of the total footprint exposed after each cyclic load.
To analyze the BFA, ImageJ 1.53 software (National Insti-
tutes of Health) was employed to measure the area of the
blank region within the methylene blue–marked area (Fig-
ure 7). Subsequently, the ratio of BFA from the initial cycle
(Si) to the final 100th cycle (Sf) was calculated using Micro-
soft Excel 2021 (Microsoft). Specifically, the area of the
blank region within the methylene blue-marked area
when the tendon was subjected to a preload of 10 N was
denoted as Sp. The ratio of the exposed area of the foot-
print area for the first cycle (BFA-Si) was calculated as
(Si 2 Sp)/Sp, while the ratio of the exposed area of the foot-
print area at the end of the cycle (BFA-Sf) was calculated
as (Sf 2 Sp)/Sp. If the value exceeded 100%, it was
adjusted to 100% for statistical analysis.

The CE and BFA-Sf represented the endurance, and the
FCE and BFA-Si indicated the initial stability of the struc-
ture. In the case of suture structure failure during loading,
the US at the time of failure and the type of tear were
recorded. The US was defined as the maximum force
resisted by the construct.

Statistical Analysis

Statistical analysis was conducted using SPSS 26.0 soft-
ware. Measurement data were presented as the mean 6

standard deviation. For data that followed a normal distri-
bution and exhibited homogeneity of variance, analysis of
variance was employed, followed by post-hoc tests utilizing
the Bonferroni method to determine significant differen-
ces. In cases where the measurement data did not conform
to a normal distribution, the Kruskal-Wallis H test was
utilized for comparisons. Count data were presented as
the number of cases/percentages, and the x2 and Fisher
exact probability tests were employed for comparisons.
Post hoc tests for count data were conducted using the
chi-square distribution (Bonferroni method). Statistical
significance was defined as P \ .05.

Figure 5. Special clamps for holding specimens in the
mechanical testing machine.

Figure 6. Typical progression during cycling testing. The
horizontal axis represents the gap excursion, and the vertical
axis represents the axial load of the traction machine.

Figure 7. Measurement of the blank region’s area using
ImageJ 1.53 software.
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RESULTS

In the failure test, the mean US of the OBOX group was
significantly higher than that of the XBOX group (P \
.001) and similar to that of the ADRSB group (P = .387)
(Table 1 and Figure 8). The failure modes are summarized
in Table 1. Therefore, the incidence of type 2 tendon tear
was higher in the OBOX group than in the XBOX and
ADRSB groups. Meanwhile, the XBOX mainly failed with
type 1 tendon tear. In addition, fixing material-related fail-
ure was higher in the ADRSB group than in the OBOX and
XBOX groups.

In cyclic testing, the difference in CE between the
XBOX and ADRSB groups was statistically significant (P
= .019), and the XBOX group had higher cyclic elongation.
Nonetheless, no significant differences were observed
between the OBOX and XBOX groups. No differences
were found in CE and FCE between the ADRSB and
OBOX groups. No significant intergroup differences were
observed in the BFA-Si and BFA-Sf (Figure 9).

DISCUSSION

In this biomechanical analysis, the OBOX construct
exhibited a significantly higher failure strength (708.91
6 116.34 N) than the XBOX construct (466.58 6 70 N) (P
\ .001), but similar failure strength to the ADRSB con-
struct (630.21 6 106.52 N). The CE and BFA-Sf were
used as measures of the tendon’s fatigue endurance under
cyclic load. The CE showed no significant difference
between the OBOX and ADRSB or XBOX constructs, while
the ADRSB construct differed significantly from the XBOX
construct (P = .019). However, there were no significant
differences in BFA-Sf among the 3 constructs. The FCE
and BFA-Si represented the initial stability of the con-
structs, and no significant differences were found in either
of these parameters among the 3 structures. Optical data
analysis revealed a significant difference in CE between
the XBOX and ADRSB constructs, but there was no signif-
icant difference in BFA-Sf. Overall, the OBOX construct
exhibited higher US and fatigue endurance compared
with the XBOX construct, and its performance was compa-
rable with that of the ADRSB construct.

Several clinical studies have confirmed the efficacy of
the transosseous suture technique.§ Some studies have

§References: 3, 6, 8, 11, 14, 22, 24, 26, 27, 32, 33, 35, 36.

Figure 8. Results of failure strength test (porcine speci-
mens). ADRSB, anchored double-row suture bridge con-
struct; OBOX, anchorless open-box construct; XBOX,
anchorless X-box construct. **P \ .01; ***P \ .001.

TABLE 1
Biomechanical Performance After Rotator Cuff Tear Repaira

Variable
ADRSB OBOX XBOX

F/x2 P(n = 8) (n = 8) (n = 8)

Cyclic elongation, % 3.83 6 2.33 5.26 6 3.04 7.19 6 2.28 7.595 .022b

First-cycle excursion, mm 2.59 6 1.19 2.59 6 1.22 3.19 6 1.9 0.44 .65
Ultimate strength, N 630.21 6 106.52b 708.91 6 116.34b 466.58 6 70a 12.315 \.001c

BFA-Si, % 3.88 6 1.44 4.67 6 1.89 5.29 6 1.73 1.378 .274
BFA-Sf, % 8.59 6 1.49 8.07 6 1.92 9.19 6 2.33 0.656 .529
Tear mode 23.409 \.001c

T1 0 (0) 0 (0) 6 (75)
T2 2 (25) 8 (100) 2 (25)

F 6 (75) 0 (0) 0 (0)

aValues are presented as mean 6 SD. Cyclic elongation was assessed using the Kruskal-Wallis H test. First-cycle excursion, ultimate
strength, BFA-Si, and BFA-Sf were assessed using ANOVA. The tear mode was assessed using the Fisher exact-probability test. The Bon-
ferroni method was used for post-hoc tests: a\b. ADRSB, anchored double-row suture bridge construct; ANOVA, analysis of variance; BFA-
Sf, footprint area at the end of the cycle; BFA-Si, ratio of the exposed area of the footprint area for the first cycle; F, fixing material-related
failure; OBOX, anchorless open-box construct; T1, type 1 tear; T2, type 2 tear; XBOX, anchorless X-box construct.

bP \ .05.
cP \ .01.
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reported no significant differences in clinical outcomes
between anchorless transosseous suture and anchored con-
struct for rotator cuff tears.8,32 Biomechanical experi-
ments2,4,5,10,13,16,17,29 have demonstrated that double-row
anchors or transosseous-equivalent (TOE) repairs exhibit
greater failure strength and smaller displacement gaps
compared with single-row or transosseous suture. Never-
theless, these early findings were influenced by the lack
of high-strength factors in the classic transosseous con-
structs, such as the number of sutures, suture limbs, and
mattress stitches. According to a biomechanical review,28

there is limited correlation between US and different con-
structs such as single-row, double-row, TOE, or transoss-
eous suture. Instead, the US is associated with the
suture material, the number of stitches, and mattress
stitches.9 Accordingly, we designed a novel high-strength
transosseous suture configuration and termed it the
OBOX. This construct increases the number of suture
limbs, stitches, and mattress stitches, aiming to achieve
higher US for transosseous suture.

The OBOX construct utilizes 6 sutures in 2 tunnels with
8 suture limbs, matching the number of suture limbs in the
ADRSB construct with 2 medial-row anchors. Both the
OBOX (2 tunnels) and ADRSB (2 anchors) have 8 stitches
in the tendon, while the XBOX (2 tunnels) has 2 stitches in
the tendon. Both the OBOX (2 tunnels) and ADRSB (2
anchors) have 4 narrow-range mattress stitches, while
the XBOX (2 tunnels), which represents the highest
strength of classic transosseous constructs, has only 1
wide-range mattress stitch.28 The OBOX technique
achieves narrow-range mattress stitches, with 2 suture
limbs in 1 tunnel within the transosseous suture method.
The sutures are reverse-pulled through the tunnel, and
knots are tied by riding across the outer cortex of the
humerus between the 2 tunnels. This action further draws
the tendon into the bone tunnel, matching the concept of
reducing sliding between the tendon and bone surfaces,
as shown in Figure 10. Consequently, the OBOX exhibits
theoretical strength superiority over classic transosseous
constructs.

The XBOX construct was particularly prone to type 1
tears (6/8), whereas the OBOX construct was exclusively
associated with type 2 tears (8/8). The ADRSB construct
exhibited predominance of fixing material-related failure
(6/8), followed by type 2 tears (2/8). In the ADRSB group,
6 cases had fixing material-related failure; the anchor
was pulled off in 1 case, and sutures were broken at the
anchor metal through-hole, with a cracking sound in the
other 5 cases. The incidence of type 2 tendon tear was
higher in the OBOX group than in the XBOX
group. Type 2 re-tear has less remnant tendon than type
1 retear for revision. Both the OBOX (2 tunnels) and
ADRSB (2 anchors) have 4 narrow-range mattress stitches,
with 8 suture limb stitches in the medial row, while the
XBOX (4 tunnels) has 1 wide-range mattress stitch with
2 suture limb stitches in the medial row. More suture
limb stitches and narrow-range mattresses provide better
tendon grip, but also increase the potential risk of type 2
retears. This may be a potential downside to the OBOX
configuration. We suggest that the tendon should be
repaired with high strength in a low-tension position to
reduce inefficiency. The rate of type 2 retear should be con-
trolled by selecting low-tension positions for repair, rather
than by selecting low-strength constructs. Moreover, like
the ADRSB construct, the OBOX construct can be partially
or completely changed from narrow-range mattress
stitches to knotless at the medial row based on the tendon
quality and tension to reduce the probability of type 2 retear.
Type 1 or type 2 tear is a factor we need to weigh, but it is not
the unique criterion. In addition, in the OBOX configuration,
although extra sutures may cause tendon ‘‘strangulation’’
and impede blood flow and healing, bone tunnels enrich
the blood supply of the sutured rotator cuff underside. Ultra-
sonically, the transosseous suture provides better blood sup-
ply on both sides of the repaired rotator cuff than suture
anchors.34 With the progress of research, we have provided
a novel high-strength transosseous construct whose strength
is equivalent to that of the ADRSB. The OBOX construct has
initially achieved a good balance in terms of fixation, durabil-
ity, and cost-effectiveness. Although the cost of the OBOX

Figure 9. Boxplots presenting the mean (horizontal line), standard deviation (whiskers), and range (box) for (A) cyclic elongation,
(B) the bare footprint area (Sf), BFA-Sf, (C) the first-cycle excursion, and (D) the bare footprint area (Si), BFA-Si. Significant differ-
ences between groups are indicated by *P\ .05. BFA-Sf, footprint area at the end of the cycle; BFA-Si, ratio of the exposed area
of the footprint area for the first cycle.
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construct is slightly higher than that of the XBOX, it is still
much lower than that of the ADRSB construct. Because its
strength is superior to that of traditional transosseous con-
structs, transosseous suture technology will not be aban-
doned in clinical practice because of concerns about its
relatively low strength. This makes the OBOX construct
a possible optional high-strength transosseous construct for
rotator cuff repair.

Limitations

Several limitations should be acknowledged. Although
good results have been obtained, there is still a bias
regarding low fatigue resistance due to the noticeable lat-
eral muscle migration on the bursal side of the porcine
infraspinatus specimen. In addition, the lower elasticity
of the muscle diminishes the wedge effect and self-
reinforcement.30 The infraspinatus tendons in the young
pigs are stronger than elderly humans; thus, more force
is required for sutures to pull through the tendons. More-
over, the bone density of specimens of 3-month-old pigs dif-
fers from that of humans. Consequently, experiments on
human shoulder specimens are necessary to enhance the
clinical applicability and reliability of the findings. The
fatigue resistance test and failure test were conducted on
the same specimen in this experiment, which may have
led to structural relaxation before the failure test with
lower US.

CONCLUSION

The OBOX construct exhibited a significantly higher mean
US compared with the XBOX construct in a porcine

cadaveric model and was comparable with that of ADRSB
repair. The most common modes of failure were type 2 ten-
don tear in the OBOX group, type 1 tendon tear in the
XBOX group, and fixing material-related failure in the
ADRSB group. The OBOX configuration represents a novel
transosseous repair method with high fixation strength
comparable with that of the ADRSB and stronger than
that of the XBOX construct. However, caution must be
exercised because of the potential for type 2 tendon tear
associated with OBOX, which could complicate revision
procedures. In the future, as it is further optimized and
tested, the OBOX construct may be used as a high-strength
transosseous construct that is equivalent to ADRSB for
rotator cuff repair.
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