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ABSTRACT

Purpose: This study aimed to investigate factors influencing outcome in patients who experienced re-rupture
after flexor tenorrhaphy.

Background: Flexor tendon re-rupture following tenorrhaphy remains a significant complication that can
adversely affect functional outcomes and require repeated surgical intervention. This study aimed to investi-
gate factors influencing prognosis in patients who experienced re-rupture after flexor tenorrhaphy.
Materials and Methods: We retrospectively analyzed patients who underwent flexor tendon tenorrhaphy on
little fingers between January 2011 and September 2024 and subsequently experienced re-rupture followed
by a primary repair. We analyzed factors such as re-rupture timing, rupture to surgery interval, patient
demographics, medical history, and participation in rehabilitation therapy using a simple linear regression
model. Patients with underlying diseases, concurrent fractures, thumb or extensor tendon ruptures, or
follow-up periods less than 6 months were excluded. The Adjusted Strickland and Whitaker methods were
used for evaluation.

Results: A total of 17 patients out of 313 who underwent flexor tendon repair experienced re-rupture and
met the inclusion criteria. Age and re-rupture period significantly affected prognosis. Older patients showed
poorer final range of motion outcomes. In contrast, the initiation date, frequency, and duration of rehabilita-
tion therapy did not demonstrate statistically significant correlations with prognosis.

Conclusions: Older age and delayed re-rupture were associated with poorer postoperative finger range of
motion following repeated flexor tenorrhaphy. Therefore, patients should be advised to avoid excessive hand
use until adequate tendon healing is achieved, and thorough postoperative education may be particularly
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important in elderly patients.

Introduction

Flexor tendon injuries are a complex area of hand surgery that require
precise repair techniques and postoperative care to achieve optimal
functional recovery. Despite advances in surgical methods and reha-
bilitation protocols, re-rupture remains a significant complication
that undermines patient outcomes and necessitates further interven-
tion [1]. This prolongs the recovery process and imposes additional
physical and emotional burdens on patients. Previous studies have
also reported rare mechanisms of delayed or spontaneous flexor ten-
don rupture, highlighting the complexity of tendon healing and
structural vulnerability after injury repair [2]. Recent cadaveric studies
have demonstrated anatomical variability within the flexor tendon
system, highlighting the importance of detailed anatomical under-
standing during flexor tendon surgery [3].

The reported re-rupture rate following flexor tendon repair ranges
from 3% to 9% in the literature, with contributing factors including
overly aggressive therapy [4, 5]. Previous studies have demonstrated
that secondary tendon rupture may result from multiple mechanisms,
including postoperative mechanical irritation and structural
compromise of the repaired tendon [6]. In cases of tendon rupture,
immediate exploration and repair within 48 h is recommended [7],
with 50% of patients achieving ‘Good’ or ‘Excellent’ based on the

adjusted Strickland criteria [8, 9]. However, there is still no consensus
on the necessity of immediate repair for re-ruptured flexor post-
tenorrhaphy [10]. Therefore, we investigated the relationship
between the time interval from re-rupture to surgery, the extent of
participation in physical therapy, and the final prognosis.

In addition, there has been a lack of research investigating the
relationship between the timing of tendon rupture and the final
prognosis. Tendon healing progresses through three phases: an
inflammatory phase (week 1), a proliferative phase (weeks 1-3),and a
remodeling phase (weeks 3-8) [4, 11]. We considered the timing of
re-rupture to be associated with the stage of tendon healing and
sought to evaluate the impact of re-rupture timing on the ultimate
clinical outcome.

Materials and methods
Patient selection

This retrospective study included 324 patients who underwent flexor
tendon repair on little fingers at our facility between January 2011 and
September 2024. Sixteen patients experienced re-rupture following
flexor tenorrhaphy in zone 1 (from the fingertip to the proximal inter-
phalangeal (PIP) joint) [12]. The study included individuals who
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underwent repeated tendon repair, not tendon graft nor tendon trans-
fer, for re-rupture [13]. Patients with concomitant fractures or extensor
ruptures were excluded owing to differences in post-surgical rehabili-
tation methods and splinting. Thumb injuries were excluded because
their prognostic evaluation methods differed from those of the other
fingers. Patients with severe systemic diseases other than diabetes mel-
litus and smoking history that could significantly interfere with tendon
healing were excluded from the study. Assuming that tendon recovery
takes approximately 2 months, only patients who were available for a
follow-up period of >3 months were included in this study [14].

Data selection

We investigated the patients’ demographics, date of initiation, fre-
quency and duration of physical therapy. The interval from the initial
operation to re-rupture and the interval from re-rupture to explora-
tory surgery were evaluated. Outcomes were assessed using the
Strickland evaluation method, which calculates the ratio of the sum
of active flexion at the proximal interphalangeal (PIP) and distal inter-
phalangeal (DIP) joints minus extension loss of the digit, divided by
175°[91.

Operation method

Patients suspected to have tendon re-rupture after flexor tenorrha-
phy underwent immediate exploratory surgery and repair. However,
some patients visited the outpatient clinic late or refused immediate
surgery and opted for a delayed surgery. The core suture methods
employed were the Modified Kessler suture method with 4-0 poly-
dioxanone sutures (PDS) [15, 16]. Peritendinous suture was per-
formed using continuous-running methods [17].

Table 1. Characteristics by Strickland classification.

Rehabilitation method

A dorsal splint was applied with the wrist positioned at approximately
30°, the metacarpophalangeal (MP) joint at 70° of flexion, and the inter-
phalangeal (IP) joint angled to prevent extension [8]. The patients com-
menced self-directed exercises by passively flexing the IP joints within
3-4 days to reduce adhesion risks [18]. Approximately 1-2 weeks post-
operatively, the patients commenced structured physical therapy
under the supervision of the physical therapist. The splint was removed
between the 3rd and 4th weeks to prevent tendon adhesions [19].

Statistical analysis

To verify the characteristics of the subjects according to Strickland
Score 2, the frequency and percentage of categorical variables were
presented, and a chi-square test was conducted. A linear regression
analysis determined the statistical association between independent
variables and Strickland scores, with statistical significance set at
p <0.05. All statistical analyses were conducted using the International
Business Machine Statistical package for the social sciences (IBM SPSS
version 22.0; IBM Corp., Armonk, NY, USA).

This study adhered to the principles of the Declaration of Helsinki.
Written informed consent was obtained from all participants. This
study design was approved by the Institutional Review Board of
Gwangmyeong Sungae General Hospital (No. KIRB-2024-N-002).

Results

Of the 313 patients who underwent flexor tenorrhaphy, 18 (5.75%)
met the inclusion criteria for this study. Following the Strickland crite-
ria, outcomes were classified as follows: excellent (22.2%), good
(27.8%), fair (38.9%), and poor (11.1%) (Table 1). The average age of
patients was 43.94 years, with older patients generally showing

Characteristic Total Strickland classification p
Poor Fair Good Excellent

Total 18 (100.0) 2(11.1) 7(38.9) 5(27.8) 4(22.2)

Age 43.94+16.67 59.00 +2.83 52.29+11.87 31.00 +16.88 38.00+16.43 0.056

Sex 0.396
Male 13(72.2) 1(50.0) 4(57.1) 4(80.0) 4(100.0)
Female 5(27.8) 1(50.0) 3(42.9) 1(20.0) 0(0.0)

Smoker 0.775
Yes 7(38.9) 1(50.0) 3(42.9) 1(20.0) 2(50.0)
No 11 (61.1) 1(50.0) 4(57.1) 4(80.0) 2(50.0)

Diabetes mellitus 0.021*
Yes 4(22.2) 2(100.0) 2(28.6) 0(0.0) 0(0.0)
No 14 (77.8) 0(0.0) 5(71.4) 5(100.0) 4(100.0)
Body mass index 2579 +3.44 23.53+1.96 25.58 £3.15 28.17 £4.40 2429 +£2.02 0.268

Injured finger 0.429
Index finger 1(5.6) 0(0.0) 0(0.0) 0(0.0) 1(25.0)
Middle finger 3(16.7) 1(50.0) 1(14.3) 1(20.0) 0(0.0) 0.763
Ring finger 3(16.7) 1(50.0) 1(14.3) 1(20.0) 0(0.0)
Little finger 11(61.1) 0(0.0) 5(71.4) 3(60.0) 3(75.0)

Arteriorrhaphy 0.176
Yes 9(50.0) 2(100.0) 3(42.9) 1(20.0) 3(75.0)
No 9(50.0) 0(0.0) 4(57.1) 4(80.0) 1(25.0)

Neurorrhaphy 0.763
Yes 13(72.2) 2(100.0) 5(71.4) 3(60.0) 3(75.0)
No 5(27.8) 0(0.0) 2(28.6) 2(40.0) 1(25.0)
Operation period 13.33+£17.26 29.50 +38.89 17.14+£17.96 820+11.12 5.00+5.35 0.530
Re-rupture period 43.56 +32.02 86.00 + 48.08 44.29 +38.18 36.60 + 16.16 29.75+ 1546 0.217
Strand 4.00 +1.37 3.00+1.41 3.71+1.38 440+ 1.67 4.50 +1.00 0.547
Physical therapy starting days 6.83+1.25 7.00 +£0.00 6.86 + 0.69 5.80+0.84 8.00+1.83 0.055
Splint 22.56 +2.59 20.50 £2.12 23.29+2.29 21.20£2.17 24.00+3.16 0.226
Physical therapy frequency 290+ 1.10 220+0.14 2.24+£0.94 3.56 +1.09 3.59+£0.88 0.064
Physical therapy period 6.17 +2.07 5.00 +4.24 7.00+1.29 5.60+2.51 6.00 +1.83 0.688

Strickland classification: Excellent: 75-100%, Good: 50-74%, Fair: 25-49%, Poor: 0-24%.
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Figure 1. (A) A 42-year-old male presented with a flexor tendon rupture. (B) The tendon was initially repaired using the Modified Kessler method. (C) Re-rup-
ture occurred 36 days later during physical therapy, necessitating exploratory surgery. (D) Tendon repair was performed again using the same technique. (E, F)
Follow-up photographs taken 2 years postoperatively.

poorer outcomes. The poor and excellent outcome groups had aver-
age ages of 59 and 38 years, respectively. Males comprised 72.2% of
the cohort and had better outcomes than females. Smoking showed
no consistent impact on outcomes, as smokers and non-smokers
were distributed across the Strickland classifications. Diabetes melli-
tus was a significant factor, with all diabetic patients in the poor or fair
outcome groups. The most injured finger was the little finger (61.1%).
Surgical interventions, such as arteriorrhaphy and neurorrhaphy,
were performed in 50% and 72.2% of patients, respectively. However,
these did not show a significant impact on outcomes. The average
operation period was 13.33 days, with longer periods seen in the poor
group and shorter periods in the excellent group. The re-rupture
period averaged 43.56 days but did not significantly affect outcomes.
The average number of core strands was 4.00. Physical therapy began
for an average of 6.83 days, lasting 2.90 days per week for an average
of 6.17 weeks. Splints were removed after an average of 22.56 days.
Figure 1 shows a case of reoperation in patients with re-rupture.

In the single-variate linear regression analysis, age and diabetes
mellitus significantly influenced prognosis (Table 2). Age negatively
correlated with outcomes (B = -0.69, p = 0.041), with older age
predicting poorer results. Diabetes mellitus had a similarly negative
impact (B = -32.45, p = 0.011), strongly correlating with worse
outcomes. Other factors, including sex, smoking, Body mass index
(BMI), injured finger, surgical technique (arteriorrhaphy and
neurorrhaphy), operation period, re-rupture period, and the number
of strands, were not statistically significant. In multivariate linear
regression, no statistically significant differences were observed in all
variables.

Discussion

Various studies have explored the mechanisms underlying tendon
recovery and rupture [20]. Strickland et al. describe tendon repair as a
process that unfolds in three distinct phases [14]. During the initial
inflammatory phase for a week, fibroblasts and macrophages migrate

to the injury site, removing necrotic tissue and clots. The proliferation
phase (approximately 2 weeks) follows, marked by increased fibro-
blast activity, accumulation of immature collagen, and commence-
ment of neovascularization. The final remodeling phase, lasting up to
8 weeks post-injury, involves collage fiber realignment to restore the
tendon’s original structure [21, 22]. reported that the tendon integ-
rity is notably compromised between 6 and 18 days post-repair, with
the highest rupture risk during this period, although ruptures can
occur up to 6-7 weeks post-repair.

Various studies have investigated factors affecting tendon suture
prognosis. Svingen [23] suggested that age is a factor that influences
re-rupture because aging delays the tendon healing process.
Supporting this, Ackerman [24] observed in an animal study that
with increasing age, fewer bridging tendon collagen fibers were
present at the repair site, leading to more frequent ruptures. Our
univariate analysis identified a negative correlation between age and
patient prognosis. Given that age affects not only the likelihood of
re-rupture but also the functional outcome of the finger, it is essential
to consider age when developing a treatment plan and discussing
the surgical prognosis with the patient. Older patients should be
monitored for long-term functional outcomes, and rehabilitation
strategies should accommodate age-related declines in tissue
elasticity and muscle strength, ensuring that functional recovery is
optimized over the long term. Moreover, providing clear information
about the potential challenges and expected outcomes based on
age can help to manage patient expectations and improve
satisfaction with the treatment process.

Svingen [23] claimed that sex and re-rupture rates are statistically
correlated, with males being at higher risk than women, owing to
non-adherence to treatment guidelines. Sandford [25] suggested
that a higher frequency of splint removal in males leads to an
increased risk of rupture. However, our study did not show a
statistically significant correlation between sex and prognosis of re-
rupture. In other words, the assertion that men remove the splint
more quickly and do not adhere to the treatment guidelines
compared to women, leading to poor prognosis, was not supported
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Table 2. Single variant linear regression analysis.

Characteristic B SE B t p
Age -0.69 0.31 -49 -2.23*% .041*
Sex 19.52 11.91 .38 1.64 121
Smoker -1.56 11.82 -.03 -0.13 .897
Diabetes mellitus -32.45 11.24 -.59 -2.89% 011*
Body mass index -0.25 1.72 -.04 -0.14 .887
Injured finger 0.248 11.32 .29 1.20 .248
Arteriorrhaphy 0.63 11.53 .01 0.06 .957
Neurorrhaphy -5.01 12.81 -.10 -0.39 .701
Operation period -0.47 0.32 -34 -1.45 167
Re-rupture period -0.24 0.18 -32 -1.35 195
Strand 4.29 4.19 .25 1.02 321
Physical therapy starting days 3.77 4.66 .20 0.81 430
Splint 1.91 224 221 0.86 404
Physical therapy frequency 11.16 4.64 .52 2.41% .069
Physical therapy period 0.75 2.87 .07 0.26 797

by the data from our institution. An independent sample t-test
(p = 0.482) showed no significant differences in splint removal or
physical therapy adherence between genders. These variables did
not significantly affect prognosis, contradicting earlier studies that
linked non-adherence in males to poor outcomes. Moreover, these
variables themselves did not demonstrate a direct statistical causality
with the actual prognosis.

Smoking is known to negatively affect the musculoskeletal
system, contributing to higher incidences of tendon rupture, soft
tissue infections, wound healing complications, and adverse clinical
outcomes [24, 26]. Despite these associations, smoking did not
significantly affect the finger range of motion following tendon repair
[27, 28]. One potential explanation is that while smoking impairs
overall healing, it may not directly impact the flexibility or functional
recovery of tendons once they have healed.

Recent studies highlight a significant correlation between
diabetes and poor tenorrhaphy outcomes owing to the adverse
effects of diabetes on tendon structure and healing [29]. Diabetes
induces several pathological changes in tendons, including collagen
disorganization, tendon thickening, and the accumulation of
advanced glycation end-products, which reduce tendon elasticity
and mechanical strength. Our univariate analysis confirmed a
statistically significant correlation between diabetes and worse post-
tenorrhaphy outcomes, consistent with previous research.

Immediate primary repair is recommended for re-ruptures with scar
tissue <1 cm [7]. It has been suggested that repairs within a week post-
rupture do not negatively influence prognosis [8]. However, these
studies did not provide specific details on the permissible delay in
suturing that would not detrimentally affect clinical outcomes. Gorriz
[10], Kasashima [30], and Tottenham [31] all argued that the timing of
surgery is a crucial prognostic factor. We found that the relationship
between delayed repair and prognosis is not statistically significant. As
we did not observe a statistically significant correlation between the
timing of surgery and prognosis, this may indicate some flexibility for
clinicians in scheduling without adversely impacting outcomes. This
could potentially reduce the pressure to perform immediate repairs,
allowing for better preparation and patient stabilization.

Moreover, we hypothesized that earlier re-ruptures might result in
better outcomes because of less scar tissue formation. Some studies
suggest that early remodeling processes, such as those modulated by
matrix metalloproteinase-9 (MMP9), may influence tissue healing and
scar tissue formation [11, 32]. However, our analysis did not reveal a
significant relationship between the stage of tendon recovery at
which a re-rupture occurs and the patient’s prognosis, suggesting
that the timing of re-rupture may not be as critical as previously
thought, allowing for greater flexibility in planning rehabilitation and
repair without compromising recovery outcomes.

Lin [33] asserted that re-ruptures typically occur at a previous knot
and are positively correlated with the number of strands and repair
strength. Similarly, Hardwicke [34] reported fewer ruptures in patients
with more strands. Therefore, a greater number of strands is
anticipated to result in increased tendon strength and a reduction in
rupture incidence, thereby significantly impacting prognosis.
However, no significant statistical relationship was found between
the number of core strands and prognosis.

Adequate mechanical stimulation is a well-known critical
prognostic factor [30, 35]. Protocols incorporating early motion, as
opposed to strict immobilization, improve tensile strength and
tenocyte proliferation, augmenting collagen synthesis [36, 37].
However, our study showed no statistically significant differences in
the final range of motion related to the timing, frequency, or duration
of rehabilitation therapy. Our findings contrast with expectations that
early and frequent physical therapy would improve outcomes. This
discrepancy may be attributed to several factors. Firstly, we did not
account for patients who did not fully engage in physical therapy
from the outset due to an early achievement of adequate finger range
of motion. In other words, the reasons patients discontinued physical
therapy were not considered. Secondly, the amount of self-directed
exercise performed by patients, in addition to hospital-based
rehabilitation, is an important factor that should have been
considered; however, this aspect was not sufficiently explored in our
study. Thirdly, the timing of physical therapy initiation may be
inherently linked to poorer prognosis. For instance, in patients with
significant inflammation, physical therapy is often delayed until the
inflammation subsides, resulting in a later start. In these cases, the
underlying reason for the delayed initiation of physical therapy may
be inherently related to the prognosis.

Our analysis did not reveal a statistically significant impact of the
timing of re-rupture or the interval between re-rupture and surgery
on patient prognosis. While these factors may seem crucial, they may
not be as important as previously thought. Clinicians can focus on
optimizing the patient’s condition before surgery rather than rushing
into immediate repair, potentially improving overall outcomes. Our
data identified age and diabetes as the only statistically significant
predictors of prognosis, underscoring the need for careful
management of these factors in patients undergoing tendon repair.
These findings align with existing literature emphasizing the
importance of patient-specific factors such as age and underlying
comorbidities in predicting surgical outcomes. The primary limitation
of this study was the small sample size of patients who experienced
re-ruptures after flexor tenorrhaphy, which prevented the
development of a multivariate linear regression model. In addition,
we could not present a clear analysis of the difference in prognosis
between patients with single or multiple rupture cases. As a result, we



could not determine if prognostic factors differ between these
groups. Further research with a larger cohort and a more detailed
examination of these variables is needed to confirm these findings
and refine prognostic models. Moreover, since age-related finger
stiffness was not compared to normal people, this factor could not be
considered [38].

Conclusion

This study identifies age and diabetes as significant predictors of
prognosis in patients undergoing repeated flexor tenorrhaphy. These
findings highlight the need for careful management of these factors
to improve surgical outcomes. Notably, the timing of re-rupture and
the interval between re-rupture and surgery were not found to signif-
icantly affect prognosis, suggesting greater flexibility in surgical tim-
ing. Given the limitations of our study, including a small sample size
and the absence of comparisons between single and multiple rup-
ture cases, further research is needed to validate these results and
enhance prognostic models. Future studies should also consider
age-related changes in finger stiffness to provide a more comprehen-
sive understanding of recovery factors.
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