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Purpose Numerous studies have compared locking and grasping loop tendon repair configurations, with 
varying results. This study aimed to synthesize biomechanical evidence from experimental laboratory 
studies comparing these two configurations under linear static loading.

Methods MEDLINE and Cochrane CENTRAL databases were searched for studies comparing 
locking and grasping configurations in flexor tendon repairs using linear static loading. Meta-
regressions and subgroup analyses were performed to identify properties in repair configurations 
that could explain heterogeneity between studies.

Results The search yielded 14 studies for the review. Locking repairs provided greater ultimate and 2-
mm gap loads than grasping repairs, with the advantage being most pronounced when high tensile 
strength suture materials were used: the mean ultimate load was 40 N in grasping repairs and 7.9 N higher 
(95% CI, 5.6—10 N, I 2 = 87%) in locking repairs. A similar trend was observed for the 2-mm gap load, 
with a mean of 31 N in grasping and 5.8 N higher in locking repairs (95% CI, 3.6—8.1 N, I 2 = 83%).

Conclusions In experimental laboratory settings, locking loop configurations provide superior ultimate 
and 2-mm gap loads compared to grasping loop configurations, particularly with high-strength suture 
materials. Given the high between-study heterogeneity and that the included studies were conducted in 
laboratory settings, additional similar biomechanical comparisons may have limited incremental 
value; clinical studies are needed to determine whether these biomechanical differences translate into 
improved clinical outcomes.

Clinical relevance Locking loop tendon repairs appear to withstand greater loads than grasping loop 
repairs, suggesting a potential biomechanical advantage that may be clinically relevant. (J Hand Surg 
Am. 2026;51(7):789.e1-e8. Copyright � 2025 by the American Society for Surgery of the Hand.
Published by Elsevier Inc. This is an open access article under the CC BY license (http:// 
creativecommons.org/licenses/by/4.0/).)
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C ORE SUTURE TECHNIQUE, SUTURE material and
caliber, the number of core suture strands 
crossing the repair site, and the use of a pe-

ripheral suture are key components influencing the 
strength of a tendon repair. 1—9 A locking loop 
configuration of the core suture can be performed us-
ing various methods, such as a simple, complex, 
cross-lock, or Lim-Tsai loops or knots. 10,11 Locking 
repairs are thought to prevent longitudinal sliding of 
the suture along tendon under load. Conversely,
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grasping repairs may allow sliding, which could lead 
to early gapping of the repair (Fig. 1). 12

Multiple studies have compared locking and 
grasping repairs using the same number of strands 
and the same suture material. 1,13—25 In general, a 
locking repair is considered stronger than a compa-
rable grasping repair. 1,4,14,16—22 However, the use of 
a locking loop may result in uneven tensioning of 
locked strands. This may lead to reduced load-
bearing capacity, particularly when weak suture 
materials prone to failure are used. 26 In some studies, 
grasping loops have been shown to be comparable in 
terms of ultimate or gap load capabilities. 1,13—15 

The reproducibility of a repair can be reflected by 
the variability in tensile strength between individual 
repairs. Low variability is beneficial because it re-
duces the risk of weak repairs and subsequent 
rupture. 27 To the best of our knowledge, no reported 
studies have directly compared the variability or 
reproducibility of locking and grasping repairs, 
despite the development of numerous tendon repair 
techniques. 28 Some repairs aim to maximize the load-
bearing capacity to withstand early active rehabilita-
tion protocols, resulting in complex configurations. 
However, increased complexity may compromise the

consistency of tendon repairs, as more intricate tech-
niques can be technically demanding and sensitive to 
surgeon skill and experience.
The objective of this meta-analysis was to deter-

mine whether a locking repair configuration can 
withstand higher tensile loads and to explore differ-
ences in variability (as a measure of reproducibility) 
compared to an otherwise comparable grasping 
configuration. In addition, we examined how suture 
material and the number of strands influence the dif-
ference in the tensile strength between locking and 
grasping repairs. It was hypothesized that locking 
repairs would demonstrate greater tensile strength and 
comparable or lower variability than grasping repairs.

MATERIALS AND METHODS
The PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) guidelines 
were followed throughout the study process (Fig. S1, 
available online on the Journal’s website at www. 
jhandsurg.org). 29

Identification of studies
A systematic search of the Ovid MEDLINE and 
Cochrane CENTRAL databases was conducted from

FIGURE 1: An example of grasping and locking loops at rest and under bidirectional tension. Adapted from Hotokezaka and 
Manske (J Hand Surg. 1997;22:995—1003).
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their inception to March 14, 2024 (Table S1, avail-
able online on the Journal’s website at www. 
jhandsurg.org). One investigator screened all search 
results and identified potentially eligible studies. 
Final inclusion decisions were based on full-text 
review of the selected studies. The inclusion and 
exclusion criteria are presented in Table 1. If a repair 
included locking and grasping loops, it was catego-
rized as a locking repair.

Outcomes and data extraction
The following data were extracted: author, year, core 
and peripheral suture techniques, suture materials, and 
suture calibers. The primary outcome was ultimate 
load, and the secondary outcome was 2-mm gap load. 
If the median and interquartile range were provided, 
the median was assumed to represent the mean, and 
the interquartile range was converted to the SD using 
the formula: (IQR75 − IQR25) = 1:35. If a study 
included multiple arms in a single study, all were 
included in the analysis. Supramid (S. Jackson Inc.) 
and Supramid Extra were grouped together and cate-
gorized separately from monofilament nylon threads, 
as they are multifilament in calibers of 4-0 and larger. 
They were the only looped threads included in the 
analysis. Ethibond (Ethicon, Inc.) and Ticron (Sher-
wood-Davis & Geck and Ethicon, Inc.) also were 
grouped together, as both are braided polyester su-
tures. Peripheral suture techniques were categorized 
as “over-and-over”, referring to a simple running 
circumferential suture, or "other than over-and-over" 
which included configurations, such as cross-stitch, 
horizontal mattress, or locking running sutures, as 
described in the original studies.

Analyses
All meta-analyses were performed using RStudio 
version 4.5.0. Packages meta for meta-analysis and 
metafor were used for variability ratio analysis. All 
meta-analyses were conducted using random-effects

model with inverse variance weighting. To 
examine how core suture caliber, peripheral suture 
technique, core suture strand number, peripheral 
suture material, peripheral suture caliber, and core 
suture material affected the difference between the 
groups (locking vs. grasping), meta-regressions were 
performed: separate multivariable meta-regression 
analyses were conducted for ultimate load and 2-
mm gap load, each including all the above effect 
modifiers in a single model to measure the difference 
between the locking and grasping sutures when 
adjusted with these variables.
Furthermore, to assess whether locking or 

grasping repairs demonstrated greater reproduc-
ibility, between-study variability was quantified us-
ing variability ratio meta-analysis for ultimate load 
and 2-mm gap load. In this context reproducibility 
was defined as lower variability in measured tensile 
strength across comparable experimental setups. If 
one technique is, on average, more reproducible, it 
should exhibit lower variance across the outcomes of 
interest. To evaluate this, meta-regressions similar to 
those described above also were conducted, but us-
ing the variability ratio as the dependent variable 
instead of the mean difference. Visual inspection of 
forest plots and I 2 statistics were used to assess sta-
tistical heterogeneity. P < .05 was considered sta-
tistically significant.

RESULTS
Included studies
The search yielded 466 records and two additional 
studies were identified through other sources. After 
full-text review of potentially eligible studies, 14 
were included in the meta-analysis (Fig. 2, Table S2, 
available online on the Journal’s website at www. 
jhandsurg.org). 1,13—25 All but one study were 
ex vivo biomechanical experiments conducted on 
cadaveric or animal tendon models; one study was

TABLE 1. The Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

End-to-end repairs Barbed core suture used

Published in English Only peripheral suture used

Samples tested with a single pull-to-break Only partially lacerated tendons

Symmetrical tendon ends in size No parameters of interest reported

Review, case series or respond to articles 

Locking technique compared with similar grasping technique Modifications to original tendon material 

False subject (i.e. grafts, achilles tendons e.g.)
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performed in vivo in a canine model. Exact cross-
sectional measurements or tendon diameters were 
not reported in all studies, but textual descriptions 
and figures indicate that tendon ends were dissected 
sharply and matched so that repairs joined compa-
rable tissue ends.

Ultimate load
The mean ultimate load was 40 N for grasping re-
pairs and 7.9 N higher (95% CI, 5.6—10 N, I 2 = 
87%) for similar locking repairs (Fig. 3). The mean 
difference (MD) favored locking repairs across all 
covariates. Among the subgroup analyses, two fac-
tors showed statistically significant interactions: su-
ture caliber (P < .001; Fig. S2, available online on 
the Journal’s website at www.jhandsurg.org) and 
peripheral suture technique (P = .032; Fig. S3, 
available online on the Journal’s website at www. 
jhandsurg.org), indicating that locking repairs were 
stronger than grasping repairs, particularly when 
stronger suture caliber or certain peripheral tech-
niques were used. No other repair characteristics 
showed considerable interactions with ultimate load 
(Figs. S4—S7, available online on the Journal’s 
website at www.jhandsurg.org).
Meta-regression analyses showed that the benefit 

of locking repair was smaller with 4—0 (MD, —8.7 N;

95% CI, —16 to —0.89 N; P = .029) and 5—0 
(MD, —17 N; 95% CI, —31 to —2.3 N; P = .023) 
core sutures than with 2-0 sutures (Table S3, 
available online on the Journal’s website at www. 
jhandsurg.org). While peripheral repair tech-
niques other than over-and-over was compared to 
no peripheral suture, there was higher ultimate 
loads in locking versus grasping repairs (MD, 8.0 
N; 95% CI, 1.2—15 N). In addition, when Fiber-
Wire was used for locking core sutures and nylon 
for grasping sutures, locking repairs produced 
greater ultimate loads (MD, 25 N; 95% CI, 
0.45—0 N; Table S3, available online on the 
Journal’s website at www.jhandsurg.org).
Including all potential effect modifiers, the model 
explained 44% of the total heterogeneity between 
studies.

Gap load (2-mm)
Mean 2-mm gap load was 31 N for grasping repairs 
and locking repairs demonstrated greater gap loads 
(MD ,5.8 N; 95% CI, 3.6—8.1 N; I 2 = 83%; Fig. 4). 
In the subgroup analyses, all tested properties 
favored locking repairs. Statistically significant 
subgroup differences in mean effects were observed 
for five properties favoring locking repairs: core 
suture caliber (P = .044; Fig.S8, available online on

FIGURE 2: Flow diagram of the search (modified from PRISMA 2009 flow diagram).
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the Journal’s website at www.jhandsurg.org), pe-
ripheral suture technique (P = .0092; Fig. S9, 
available online on the Journal’s website at www. 
jhandsurg.org), core strand number (P < .0001; 
Fig. S10, available online on the Journal’s website 
at www.jhandsurg.org), peripheral suture material 
(P = .0080; Fig. S11, available online on the Jour-
nal’s website at www.jhandsurg.org), and peripheral 
suture caliber (P = .013; Fig. S12, available online 
on the Journal’s website at www.jhandsurg.org). In 
contrast, core suture material was not a notable effect

modifier (Fig. S13, available online on the Journal’s 
website at www.jhandsurg.org).
Meta-regression analyses demonstrated that the 

use of a peripheral suture technique other than over-
and-over was associated with a greater 2-mm gap 
load in locking repairs compared to repairs without a 
peripheral suture (MD, 9.0 N; 95% CI, 2.6—15 N; 
Table S4, available online on the Journal’s website 
at www.jhandsurg.org), consistent with the findings 
for ultimate load. The 8-strand core repairs conferred 
a statistically significant advantage for locking

FIGURE 3: Ultimate loads of locking vs. grasping loop repairs.

FIGURE 4: Gap loads (2-mm) of locking vs. grasping loop repairs.
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techniques (10 N greater than 2-strand repairs; 95% 
CI, 0.14—20 N, P = .047; Table S4, available online 
on the Journal’s website at www.jhandsurg.org)). In 
addition, polypropylene as the peripheral suture 
material provided a greater benefit for locking repairs 
compared to no peripheral suture (MD, 7.4 N; 95% 
CI, 1.2—14 N, Table S4). No other properties had a 
notable effect in the model (Table S4). Inclusion of 
all potential effect modifiers explained 85% of the 
total heterogeneity in 2-mm gap load between 
studies.

Reproducibility
Because of substantial unexplained heterogeneity 
across studies, no firm conclusions could be drawn 
regarding potential differences in reproducibility of 
locking versus grasping sutures. The pooled vari-
ability ratio was 1.1 (95% CI, 1.0—1.2, I 2 = 84%) for 
ultimate load and 1.1 (95% CI, 0.9—1.3, I 2 = 91%) 
for 2-mm gap load (Figs. S14 and S15, available 
online on the Journal’s website at www.jhandsurg. 
org). Inclusion of potential effect modifiers did not 
reduce statistical heterogeneity; therefore, the mean 
pooled estimates for variability ratios in ultimate and 
gap load should be interpreted with caution 
(Tables S5 and S6, available online on the Journal’s 
website at www.jhandsurg.org).

DISCUSSION
Pooling data from all reported biomechanical tensile 
strength studies indicates that locking tendon repair 
configurations yield, on average, 8 N higher ultimate 
and 6 N higher 2-mm gap loads compared to other-
wise comparable grasping configurations. Including 
the key properties such as core suture technique, 
caliber, material, number of strands and use of pe-
ripheral suture in the analysis did not alter the prin-
cipal finding. Because of high and unexplained 
inconsistency between studies, it remains uncertain 
whether locking repairs are more reproducible than 
grasping repairs.
Multiple previous individual studies have reported 

the superior tensile strength of locking 
repairs. 1,4,14,16—22 Many studies also have concluded 
that a larger suture caliber increases strength of 
locking repairs. 1,14,30 This meta-analysis corrobo-
rates these observations: thicker core sutures confer 
greater benefit to locking than to grasping repairs. 
This likely reflects differing failure modes — locking 
repairs tend to fail through suture rupture or knot 
breakage, whereas grasping repairs more often fail 
via suture pullout. 3,4,15 Consequently, the locking 
configuration can capitalize on stronger suture

material, whether through selecting a stronger ma-
terial or using a larger caliber.
Peripheral repair technique also appears to influence 

the difference between locking and grasping repairs. 
Use of a technique other than the over-and-over pe-
ripheral suture was associated with a greater advantage 
for locking repairs in ultimate load and 2-mm gap 
load. The “other than over-and over” category, how-
ever, comprised a heterogeneous mix of peripheral 
suture techniques, and the lack of detailed descriptions 
precluded identification of the true source of this 
observed advantage. Furthermore, one study used 
FiberWire with over-and-over peripheral suture for 
locking repairs and nylon with a bulkier interlocking 
horizontal mattress peripheral suture for grasping re-
pairs. 25 This discrepancy may introduce confounding 
bias and could contribute to part of the observed 
strength difference, independent of the peripheral 
technique alone. Previous evidence suggests that 
pairing a strong core repair with a robust peripheral 
suture configuration, such as a cross-stitch or hori-
zontal mattress, can enhance 2-mm gap resistance and 
ultimate tensile strength. 8

The benefit of the locking loop over the grasping 
loop was more pronounced in 2-strand than in 4-
strand repairs. Interestingly, this trend did not prog-
ress linearly in 8-strand repairs: for 2-mm gap load, 
the difference again favored locking repairs to an 
even greater extent. However, 8-strand repairs were 
evaluated only in a single study, limiting the strength 
of this observation. 15

Polypropylene as the peripheral suture material 
improved gap load in locking repairs compared to no 
peripheral suture, whereas no such effect was seen 
with nylon or in analyses of ultimate load. The likely 
explanation is that polypropylene’s greater stiffness 
and lower elasticity compared to nylon 2 enhance the 
reinforcement of a locking core that resists slippage, 
while elastic nylon offers limited benefit. Ultimate 
load is determined mainly by the core suture, which 
may explain the absence of a material effect in that 
outcome.
The effect of suture configuration on reproduc-

ibility, defined here as the variability in measured 
tensile strength across comparable studies, remains 
unclear because of substantial heterogeneity among 
the studies. The 95% CI of the pooled variability 
ratio included a value of 1.0, indicating that either 
locking or grasping repair could, on average, 
demonstrate superior reproducibility. The heteroge-
neity was quantitative and qualitative: some studies 
favored grasping repairs, whereas others favored 
locking repairs. The reproducibility analysis is
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exploratory and interpreted as providing contextual 
information on the consistency of biomechanical 
outcomes rather than definitive conclusions. It is 
important to note that this assessment reflects 
reproducibility in a biomechanical, not a clinical 
context. In theory, yield load may be a better metric 
for assessing repair reliability in static linear testing 
rather than ultimate or 2-mm gap loads because it 
may be more sensitive in detecting clinically relevant 
variation within repairs. 31,32 However, none of the 
included studies reported yield load.
Several limitations should be acknowledged in 

this study. Foremost, the high unexplained hetero-
geneity among the included studies limits the cer-
tainty of the estimated mean effects for ultimate and 
gap load across all subgroups. Although the “un-
known or other” category for peripheral sutures 
appeared to confer an advantage for locking repairs 
in the ultimate load subgroup analysis, the uncer-
tainty surrounding this finding precludes definitive 
conclusions. It should be noted that the study is 
based on experimental biomechanical data, and as 
such, direct clinical conclusions cannot be made. 
Additionally, only studies published in English were 
included, which may introduce language bias.
In conclusion, evidence across multiple various 

repair techniques and suture materials consistently 
indicates that locking repairs provide superior ulti-
mate and 2-mm gap loads than grasping repairs and 
the finding is consistent across various materials and 
peripheral suture techniques. The benefit of the 
locking repairs manifests most when strong sutures 
are used. Although additional studies comparing the 
tensile strength of locking and grasping repairs are 
unlikely to substantially change current understand-
ing, further research is needed to clarify differences 
in repair reproducibility.
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