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Background: Excessively high repair tension, especially tension �10 N, can lead to unsuccessful rotator cuff repair.

Purpose/Hypothesis: The purpose of this study was to identify the preoperative risk factors for high repair tension in rotator cuff
repair. It was hypothesized was that older age, longer symptom duration, nontraumatic (ie, degenerative) tear onset, progressive
fatty degeneration, and larger tear size would be among the risk factors.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: This retrospective study involved 80 patients (80 shoulders) diagnosed with rotator cuff tears by magnetic resonance
imaging between July 2018 and August 2020. Repair tension was measured intraoperatively using a digital tension meter. Risk
factors for high repair tension (�10 N) were evaluated. The t test was used to assess the relationship of repair tension with patient
characteristics and surgical parameters. Parameters with a P value of \.05 in the univariate analysis were entered into a multivar-
iate logistic regression model to determine their relationship with repair tension �10 N.

Results: Symptom duration of �4 months, nontraumatic tear onset, large/massive tears, mediolateral (ML) tear length of �20
mm, and anteroposterior (AP) tear length of �18 mm were associated with high odds of repair tension �10 N (P � .013 for
all). Multivariate analysis showed that nontraumatic onset, ML tear length of �20 mm, and AP tear length of �18 mm were inde-
pendent risk factors for repair tension �10 N (P � .035 for all).

Conclusion: The independent risk factors for high repair tension (�10 N) during rotator cuff repair were nontraumatic tear onset,
ML tear length of �20 mm, and AP tear length of �18 mm. Symptom duration of �4 months and large/massive tears were asso-
ciated with high odds of repair tension �10 N, although they were not considered independent risk factors. Prospective cohort
studies with larger sample sizes are needed to confirm the clinical value of the risk factors identified in this study.
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Excessively high repair tension is a key factor in unsuc-
cessful rotator cuff repair. Burkhart et al2 showed an asso-
ciation between high repair tension and increased pain.
Davidson and Rivenburgh3 reported that high-tension
rotator cuff repairs were associated with poor clinical out-
comes (clinical scores, muscle strength, and visual analog
scale score). Recent investigators have also shown an asso-
ciation between repair tension and cuff integrity,12,17,23,26

concluding that the cutoff value of repair tension for
retears was 26.0 to 35.6 N. Uno et al24 identified an even
lower cutoff value of 10 N for repair tension of rotator

cuff retears. Miyake et al15 reported that a repair tension
of �10 N during rotator cuff repair significantly decreased
microvascular blood flow within the rotator cuff. Further-
more, the mean repair tension for acute (traumatic) rotator
cuff tears has been found to be approximately 10 N in pre-
vious studies.10,21 These findings highlight the importance
of low repair tension, especially tension values of \10
N.15,24 Footprint medialization during rotator cuff repair
can reduce repair tension, and recently, several good clin-
ical reports of medialized arthroscopic rotator cuff repair
have been published.5,16,25

Several factors are associated with high repair tension,
including age,1,24 tear size,12,23,24 fatty degeneration of the
rotator cuff,11,12,23,24 trauma history,21 and symptom dura-
tion.7,8,10,20 However, Takeda et al23 reported no associa-
tion between high repair tension and trauma history or
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symptom duration in a 2021 study. Thus, the preoperative
predictors of repair tension remain unclear. Additionally,
the devices used to measure repair tension vary between
studies. Spring tension meters have been used in many
studies; however, digital tension meters are preferred for
measuring repair tension,15,21 as they can provide more
precise data.

The aim of this study was to identify the preoperative
risk factors for high repair tension using a digital tension
meter. The hypothesis was that the preoperative risk fac-
tors would include older age, longer symptom duration,
nontraumatic (ie, degenerative) tear onset, progressive
fatty degeneration, and larger tear size.

METHODS

The protocol for this study was approved by the ethics com-
mittee of our university’s school of medicine. The data were
collected from July 2018 to August 2020. The study
involved 80 patients (80 shoulders) diagnosed with rotator
cuff tear by magnetic resonance imaging (MRI) at our uni-
versity’s orthopaedic surgery department. Patients with
partial-thickness rotator cuff tears, longitudinal-pattern
rotator cuff tears, isolated subscapularis tears, and rotator
cuff retears were excluded.

Intraoperative Assessment

All patients underwent general anesthesia with an oblique
interscalene block, and the operations were performed
with the patient in the beach-chair position. First, the
intra-articular and subacromial bursas were evaluated,
and bursectomy and subacromial decompression were per-
formed. When necessary, the rotator cuff was mobilized
from any surrounding scar tissue. Next, the rotator cuff
tear size and pattern were assessed. The tear size was
measured with a device that recorded in 1-mm increments
and was categorized as small (0-0.9 cm), medium (1-2.9
cm), or large (3-5 cm).4 Measurements of repair tension
were obtained after mobilization, and rotator cuff repair
was performed after the measurements. No patients in
the study underwent margin convergence.

Tension was measured using a digital tension meter
with a measurement range of 0 to 50 N (DSV-50N digital
force gauge; Imada). First, a nonstretching, nonabsorbable
suture (Ultrabraid; Smith+Nephew) was passed through
the torn supraspinatus tendon. The suture was then con-
nected to a digital tension meter, and the repair tension
was measured for 10 seconds (Figure 1). The upper limb

was at 0� of abduction during measurement of the repair
tension. The measurements were performed by 1 of 3 sur-
geons (S.M., Y.S. and T.I.) who were specialists in shoulder
surgery.

Data Collection

Preoperative risk factors for high repair tension that were
considered included patient age, sex, diabetes mellitus,
current nicotine use, symptom duration, tear onset (trau-
matic vs nontraumatic [ie, degenerative]), fatty degenera-
tion of the supraspinatus, tear size, mediolateral (ML)
tear length, and anteroposterior (AP) tear length. Patient
characteristics and symptom duration were obtained
from the medical records. Age was dichotomized to \65
versus �65 years. Symptom duration was dichotomized
into \4 and �4 months in accordance with the results of
a clinical study by Petersen and Murphy.18 The criteria
for traumatic tears were in accordance with those estab-
lished by Shibata et al21: (1) sudden onset, (2) unexpected
traumatic event on a specific date and place, (3) falling
onto the outstretched arm from a standing height or a traf-
fic accident resulting in injury, and (4) no previous shoul-
der symptoms. Fatty degeneration of the supraspinatus

Figure 1. A nonstretching, nonabsorbable thread was
passed through the supraspinatus tendon and then pulled
out to its anatomic location. Tension was measured using
a digital tensiometer.
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was evaluated on MRI by 2 shoulder specialists (S.M. and
T.S.) in accordance with the 5-stage Goutallier classifica-
tion.9 We compared shoulders with Goutallier stages \3
versus �3. Finally, we compared the ML tear lengths of
\18 versus �18 mm and the AP tear lengths of\20 versus
�20 mm, in accordance with the study by Uno et al.24

Statistical Analysis

The t test was used to compare the repair tension within
the dichotomized preoperative factors. The chi-square
test was used to compare potentially relevant factors
between shoulders with repair tension of �10 N. Parame-
ters with a P value of \.05 in the univariate analysis
were entered into the multivariate logistic regression
model to determine their relationships with repair tension
of �10 N. All statistical analyses were performed using
SPSS Statistics (Version 23.0.0; IBM). Statistical signifi-
cance was set at P \ .05.

RESULTS

The characteristics of the 80 included patients are shown
in Table 1. The repair tension values according to the study
parameters are shown in Table 2. Symptom duration of �4
months, nontraumatic, Goutallier stage �3, large and mas-
sive tears, ML length of �20 mm, and AP length of �18
mm were significantly associated with repair tension.
The parameters tested against repair tension of �10 N in
the univariate analysis are summarized in Table 3. Symp-
tom duration of �4 months, nontraumatic tear onset, large
and massive tears, ML tear length of �20 mm, and AP tear
length of �18 mm were associated with high odds of repair
tension of �10 N.

Repair tension was significantly higher in patients with
a symptom duration of �4 versus \4 months (P = .002)
(Table 2). The odds ratio (OR) for repair tension of �10 N
in patients with a symptom duration of �4 months was
4.06 times higher than that in patients with a symptom
duration of \4 months (P = .006) (Table 3).

Repair tension was significantly higher in patients with
a nontraumatic versus traumatic tear onset (P \ .001)
(Table 2). The OR for repair tension of �10 N in patients
with nontraumatic tears was 6.67 times higher than that
in patients with traumatic tears (P \ .001) (Table 3).

Repair tension was significantly higher in patients with
large or massive rotator cuff tears than in patients with
small or medium rotator cuff tears (P = .009) (Table 2).
The OR for repair tension of �10 N in patients with large
or massive rotator cuff tears was 4.85 times higher than
that in patients with small or medium rotator cuff tears
(P = .013) (Table 3).

Repair tension was significantly higher in patients with
an ML tear length of �20 vs \20 mm (P \ .001) (Table 2).
The OR for repair tension of �10 N in patients with an ML
tear length of �20 mm was 14.0 times higher than that in
patients with an ML tear length of \20 mm (P \ .001)
(Table 3). Similarly, repair tension was significantly higher
in patients with an AP tear length of �18 versus \18 mm
(P \ .019) (Table 2). The OR for repair tension of �10 N in
patients with an AP tear length of �18 mm was 7.31 times
higher than that in patients with an AP tear length of \18
mm (P \ .001) (Table 3).

The associations between repair tension and age (\65
vs �65 years), sex (male vs female), presence of diabetes
mellitus, and nicotine use were not significantly different
between the groups (Table 2).

Multivariate analysis revealed that nontraumatic tear
onset (OR, 6.53 [95% CI, 1.35-31.45]; P = .02), ML tear
length of �20 mm (OR = 13.91 [95% CI, 2.32-83.37]; P =
.004), and AP tear length of �18 mm (OR = 6.57 [95% CI,
1.15-37.7]; P = .035) were independent predictors of repair
tension of �10 N (Table 4).

DISCUSSION

Symptom duration of �4 months, nontraumatic tear onset,
large/massive tears, ML tear length of �20 mm, and AP
tear length of �18 mm were associated with high odds of
repair tension of �10 N in this study. Multivariate analysis
revealed that nontraumatic tears, MP tear length of �20
mm, and AP tear length of �18 mm were independent
risk factors for repair tension of �10 N.

The first potentially relevant risk factor to consider is
nontraumatic tear onset. Shibata et al21 measured repair
tension during rotator cuff repair with a digital tension
meter and reported significantly higher values in tears
with nontraumatic onset (n = 23) versus traumatic onset
(n = 19) (23.6 vs 11.6 N, respectively; P \ .01). The results
of our study revealed that nontraumatic tears were associ-
ated with high odds of repair tension �10 N, and multivar-
iate analysis indicated nontraumatic tears to be an

TABLE 1
Patient Characteristics (N = 80)a

Characteristic Value

Sex, male/female, n 53/27
Age, y 69.1 (42-86)
Side affected, dominant/nondominant, n 69/11
Diabetes mellitus 17 (21.3)
Current nicotine use 17 (21.3)
Symptom duration, mo 18.0 (1-720)
Traumatic onset 34 (42.5)
SSP fatty degeneration, Goutallier stageb 1.9 (1-3)
Tear size, mm2 570.1 (56-1600)
AP tear length, mm 22.5 (7-50)
ML tear length, mm 22.9 (8-40)

aData are reported as mean (range) or n (%) unless otherwise
indicated. AP, anterolateral; ML, mediolateral; SSP,
supraspinatus.

bFatty degeneration of the supraspinatus was evaluated on
magnetic resonance imaging in accordance with the 5-stage grad-
ing system developed by Goutallier et al.9
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independent risk factor for repair tension �10 N. Con-
versely, Takeda et al23 reported no association between
traumatic-onset rotator cuff tears and repair tension. The
strict inclusion criteria for traumatic rotator cuff tears
might have contributed to the difference in results between
our study and that of Takeda et al. As mentioned, differen-
ces in measurement devices, upper limb positions during
repair tension measurement, and definitions of repair ten-
sion may have also contributed to the discrepancy in the
results. Repair tension during repair of nontraumatic tears
should receive more attention.

A second potentially relevant risk factor is tear size.
Takeda et al23 showed that both the AP and ML tear
lengths were associated with repair tension in a univariate
analysis; however, their multivariate analysis showed that
only the ML tear length was an independent risk factor
associated with repair tension. In their univariate analy-
sis, Uno et al24 showed that the predictors of repair tension
�10 N were AP tear length �18 mm and ML tear length
�20 mm, with multivariate analysis showing that only
ML tear length �20 mm was an independent risk factor

associated with repair tension. The results of our study
revealed that a large/massive tear, ML tear length �20
mm, and AP tear length �18 mm were associated with
high odds of repair tension of �10 N, and our multivariate
analysis revealed that both ML tear length �20 mm and
AP tear length �18 mm were independent risk factors
for repair tension of �10 N. Repair tension during rotator
cuff repair in patients with an ML tear length �20 mm or
AP tear length �18 mm should receive more attention.

Although our multivariate analysis revealed that symp-
tom duration was not an independent risk factor for repair
tension of �10 N, symptom duration may be another poten-
tially relevant risk factor. Hersche and Gerber10 measured
rotator cuff tension in patients with acute and chronic rota-
tor cuff tears and reported that the tension in the former
(10 N) was lower than that in the latter (28 N). The authors
reported that when the rotator cuff was retracted 10 mm,
the repair tension in acute rotator cuff tears increased
from 10 to 13 N but that in chronic cuff tears increased
from 28 to 60 N.10 In a study using a sheep model of rotator
cuff tear, Gerber et al7 found that the stiffness (N/mm) of

TABLE 2
Relationship Between Repair Tension and Preoperative Factorsa

Repair Tension, N, Mean 6 SD MD (95% CI) P

Age, y .56
\65 (n = 14) 21.1 6 17.3 Reference
�65 (n = 66) 23.8 6 15.6 2.7 (–12.0 to 6.6)

Sex .58
Male (n = 53) 24.0 6 15.2 Reference
Female (n = 27) 21.9 6 17.1 2.1 (–5.4 to 29.6)

Diabetes mellitus .52
No (n = 63) 22.7 6 16.4 Reference
Yes (n = 17) 25.5 6 13.7 –2.9 (–11.4 to 5.8)

Nicotine use .53
No (n = 63) 23.9 6 16.0 Reference
Yes (n = 17) 21.1 6 15.3 2.7 (–5.9 to 11.4)

Symptom duration, mo .002
\4 (n = 33) 16.8 6 14.2 Reference
�4 (n = 47) 27.6 6 15.4 –10.8 (–17.6 to 24.0)

Traumatic onset \.001
No (n = 46) 28.6 6 15.0 Reference
Yes (n = 34) 16.0 6 14.0 –12.6 (–19.2 to 26.0)

Goutallier stage \.001
1-2 (n = 69) 20.4 6 13.8 Reference
3-4 (n = 11) 43.3 6 14.7 –23.5 (–32.5 to 214.5)

Tear sizeb .009
Small, medium (n = 2, n = 51) 19.8 6 14.6 Reference
Large, massive (n = 26, n = 1) 29.3 6 16.1 –9.5 (–16.9 to 22.5)

ML tear length, mm \.001
\20 (n = 24) 16.4 6 12.9 Reference
�20 (n = 56) 28.6 6 15.9 –12.2 (–18.7 to 25.6)

AP tear length (mm) .019
\18 (n = 24) 16.6 6 11.1 Reference
�18 (n = 56) 25.8 6 16.6 –12.4 (–19.8 to 25.0)

aBoldface P values indicate statistically significant difference between groups compared (P \ .05). AP, anteroposterior; MD, mean differ-
ence; ML, mediolateral.

bTear size was categorized as small (0-0.9 cm), medium (1-2.9 cm), or large (3-5 cm) in accordance with the classification of DeOrio and
Cofield.4
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the muscle-tendon unit 40 weeks (approximately 9
months) after rotator cuff tear was 7 times that of an acute
tear. In a study using a canine model of rotator cuff tear,
Safran et al20 stated that the stiffness (N/mm) of the rota-
tor cuff muscle-tendon unit 12 weeks (approximately 3
months) after rotator cuff tear was notably higher than
that in the control group. In a study using a rat model of

rotator cuff tear, Gimbel et al8 stated that tendon detach-
ment initially resulted in a dramatic decrease in mechani-
cal properties, followed by a progressive increase over time.
These results suggest that symptom duration is associated
with repair tension.7,8,10,20 The results of our study
revealed that symptom duration of �4 months was associ-
ated with high odds of repair tension of �10 N. Conversely,
Takeda et al23 reported no association between symptom
duration and repair tension.

We speculate that there are 3 factors contributing to the
differences between our study and that by Takeda et al23:
(1) differences in the measurement device (digital tension
meter vs spring tension meter23), (2) differences in the
upper limb position for measuring repair tension (0� abduc-
tion vs 30� abduction23), and (3) differences in the defini-
tion of repair tension. We consider that the most
significant difference between the 2 studies is the defini-
tion of repair tension. Takeda et al defined repair tension
as the value at which the rotator cuff was able to be
retracted to the lateral edge of the footprint. However,
when tension was high, repair tension was defined as the
value at which the rotator cuff was retracted to the most

TABLE 4
Results of Multivariate Analysis of Risk Factors

for Repair Tension of �10 Na

Risk Factor Odds Ratio (95% CI) P

Nontraumatic tear onset 6.53 (1.35-31.45) .02
Symptom duration �4 mo 3.19 (0.77-13.27) .11
Large/massive tear 0.37 (0.04-3.44) .38
ML tear length �20 mm 13.91 (2.32-83.37) .004
AP tear length �18 mm 6.57 (1.15-37.7) .035

aBoldface P values indicate statistical significance (P\ .05). AP,
anteroposterior; ML, mediolateral.

TABLE 3
Relationship Between Repair Tension of �10 N and Preoperative Factorsa

Repair Tension �10 N, n/Total (%) Odds Ratio (95% CI) P

Age, y .20
\65 (n = 14) 8/14 (57.1) Reference
�65 (n = 66) 49/66 (74.2) 2.16 (0.66-7.13)

Sex .24
Male (n = 53) 13/53 (24.5) Reference
Female (n = 27) 10/27 (37.0) 0.55 (0.20-1.50)

Diabetes mellitus .08
No (n = 63) 42/63 (66.7) Reference
Yes (n = 17) 15/17 (88.2) 3.75 (0.78-17.9)

Nicotine use .20
No (n = 63) 47/63 (74.6) Reference
Yes (n = 17) 10/17 (58.8) 0.49 (0.16-1.49)

Symptom duration, mo .006
\4 (n = 33) 18/33 (54.5) Reference
�4 (n = 47) 39/47 (83.0) 4.06 (1.46-11.31)

Traumatic onset \.001
No (n = 46) 40/46 (87.0) Reference
Yes (n = 34) 17/34 (50.0) 6.67 (2.24-19.83)

Goutallier stage .16
1-2 (n = 69) 48/69 (69.6) Reference
3-4 (n = 11) 10/11 (90.9) 4.21 (0.50-35.3)

Tear sizeb .013
Small, medium (n = 2, n = 51) 33/53 (62.3) Reference
Large, massive (n = 26, n = 1) 24/27 (88.9) 4.85 (1.29-18.20)

ML tear length, mm \.001
\20 (n = 24) 8/24 (33.3) Reference
�20 (n = 56) 49/56 (87.5) 14.0 (4.39-44.70)

AP tear length (mm) \.001
\18 (n = 24) 10/24 (41.7) Reference
�18 (n = 56) 47/56 (83.9) 7.31 (2.48-21.54)

aBoldface P values indicate a statistically significant difference between groups compared (P \ .05). AP, anteroposterior; ML, mediolateral.
bTear size was categorized as small (0-0.9 cm), medium (1-2.9 cm), or large (3-5 cm) in accordance with the classification system of DeOrio

and Cofield.4
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medial side of the footprint. By contrast, in all cases in our
study, we defined repair tension as the value at which the
rotator cuff was retracted to the lateral edge of the foot-
print. When the rotator cuff could not be retracted to the
lateral edge of the footprint, repair tension was defined
as 50 N, the maximum value measured by the digital ten-
sion meter. Although symptom duration of �4 months was
not an independent risk factor for repair tension of �10 N,
repair tension during rotator cuff repair for patients with
symptom duration of �4 months should receive attention.

Several previous researchers have found that the Gou-
tallier stage is associated with repair tension.11,12,23,24 Itoi-
gawa et al11 found an association between fatty
degeneration of the rotator cuff muscle and rotator cuff
muscle stiffness (N/mm). Kim et al12 and Takeda et al23

also found an association between fatty degeneration and
repair tension. Uno et al24 reported that Goutallier stage
�2 had an OR 3.6 times higher than that of Goutallier
stage 1 for repair tension of �10 N. In our study, repair
tension was significantly higher in patients with Goutal-
lier stage �3 vs \3 (43.3 vs 20.4 N, respectively; P \
.001). However, the results of the univariate analysis
revealed that Goutallier stage �3 was not associated
with repair tension of �10 N (P = .16). Very few patients
in our series had Goutallier stage 1, whereas numerous
patients had Goutallier stage �3. Therefore, we could not
compare Goutallier stages \2 and �2 for comparison
with the study by Uno et al. The low interobserver reliabil-
ity of the Goutallier classification may have also contrib-
uted to the differences between study results.22

Repair tension was not significantly higher in patients
aged �65 versus \65 years in our study. Uno et al24 found
a statistically significant association between age and
repair tension using grasper tensioning attachments. The
authors also reported that age �65 years was associated
with repair tension of �10 N.24 Notably, Takeda et al23

stated that there was no association between age and
repair tension. Itoigawa et al11 found that there was no
statistically significant difference in supraspinatus stiff-
ness (N/mm) values between patients aged \70 years
and �70 years using ultrasonographic elastography. Inter-
estingly, all patients aged �75 years in our series had
repair tension of�10 N. Therefore, we could not use a logis-
tic model to compare the ages of \75 versus �75 years.
Repair tension during rotator cuff repair for patients
aged �75 years requires more attention.

Interestingly, no statistically significant associations
were found between repair tension and other factors asso-
ciated with retear, such as sex,19 diabetes mellitus,13 and
current nicotine use.6,14 These factors may be strongly
associated with factors other than repair tension (eg,
degenerative changes in the rotator cuff). Of course, we
do not consider repair tension to be the only key factor in
successful rotator cuff repair.

Strength and Limitations

The main strength of this study was that it is the first to
our knowledge to use a digital tension meter to investigate

the relationship between repair tension and risk factors for
repair tension of �10 N. However, this study also had sev-
eral limitations. The study design was retrospective, and
the sample size was small. In addition, the association
between histological factors and repair tension was not
investigated. Regarding tension measurement, only a sin-
gle suture was applied to the rotator cuff, and the tension
measurement time was set at 10 seconds; thus, the tension
over a longer measurement period is unknown. Also, repair
tension of .50 N, which is the limit of measurement, could
not be measured; however, the tension meters used in pre-
vious studies could not measure even 50 N. Another limita-
tion is that symptom onset may differ from the time of
rotator cuff rupture. Finally, we did not report the clinical
results. The reason for this is because the present study
included patients in whom arthroscopic rotator cuff repair
was performed with a repair tension of \10 N as well as
patients in whom arthroscopic rotator cuff repair was per-
formed without considering the repair tension, as our
repair concept was not established at that time. We now
perform arthroscopic rotator cuff repair (single or triple
row) with tension of \10 N in all cases of rotator cuff tear.

CONCLUSION

The independent risk factors for high repair tension (�10
N) during rotator cuff repair were nontraumatic tear onset,
MP tear length of �20 mm, and AP tear length of �18 mm.
Symptom duration of �4 months and large/massive tears
were associated with high odds of repair tension of �10
N, although they were not considered independent risk fac-
tors. Prospective cohort studies with larger sample sizes
are needed to confirm the clinical value of the risk factors
identified in this study.
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