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Mental and behavioural disorders increase
the risk of tendon rupture after flexor
tendon repair in zone | and I
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Abstract

Introduction: The effect of mental and behavioural disorders (MBD) on the risk of tendon ruptures after flexor tendon
repair is not well understood. This study aimed to analyse the association between MBD and tendon rupture after flexor
tendon repair in zones | and II.

Methods: Data from the Swedish National Registry for Hand Surgery (HAKIR) on patients with a complete flexor tendon
repair at our department between 2012 and 2019 were followed for a minimum of 2 years to assess the rate of rupture.
Independent variables were collected from HAKIR and clinical records: prevalence MBD based on ICD-10 codes FO-F99,
age, sex, injured tendon, number of injured fingers, day to surgery, core suture, digital nerve injury, smoking, injury
mechanism, and rehabilitation method. Multiple logistic regression was used to assess the association between variables.
Results: A cohort of 593 patients with 49 ruptures (8.2%) was identified. Potential causes of rupture were non-adherence
behaviour in 16 (33%), accidents in seven (14%), infections in six (12%), and no clear cause in 20 (41%) patients. Patients
with MBD had an association to rupture (OR 3.6), 17.7% ruptures compared to 7.2% in patients with no diagnosed
disorders. Patients >50 years of age had a higher risk compared to patients <25 years (OR 4.3), 15% compared to 3.9%’
respectively. Men had a higher risk compared to women (OR 2.9), 10% compared to 4.3%’ respectively.
Conclusion: We identified an association between the prevalence of mental and behavioural disorders and rupture after
flexor tendon repair.
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flexor tendon repair includes a complex process of per-
forming exercises and, avoiding loads while still managing
everyday life. Previous research has shown a high preva-
lence of non-adherence to these recommendations in pa-
tients with rupture after flexor tendon repair.”* MBDs have

Introduction

Tendon rupture after flexor tendon repair in zones I and II is
a well-known problem in hand surgery. A rupture rate of
4%-5% has been reported in several studies.' Previous
studies have mainly focused on non-patient-related factors
such as surgical techniques and postoperative rehabilitation
methods. Despite several improvements in these areas, such
as using multistrand core sutures and early active motion

'Department of Plastic Surgery, Hand Surgery, and Burns, Linképing
University, Linkoping, Sweden

regimes, tendon ruptures are still common complications
after repair. In recent years, mental and behavioural dis-
orders (MBD) have received more attention in medical
research. MBDs have been associated with several com-
plications after surgery in general.* MBD increased the
probability of wound complications after hip replacement’
and the probability of a problematic initial recovery after
carpal tunnel release.® For the patient, rehabilitation after
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previously been listed as reasons for non-adherence after
flexor tendon repair.” However, there is a lack of research
regarding the potential influence of MBDs on rupture risk
after flexor tendon repair and the potential influence on
adherence. This study aimed to analyse the association
between MBD and tendon rupture after flexor tendon repair
in zones I and II and to describe reported causes of rupture
such as overload, accidents or infections.

Methods

We assessed data from the Swedish National Registry for
Hand Surgery (HAKIR),'® diagnostic codes and free text
data from clinical records. Patients with a complete flexor
digitorum profundus (FDP) or flexor pollicis longus (FPL)
tendon repair in zones I and II were identified in HAKIR.
The registry excludes injuries with concomitant fractures or
vascular compromise. We included all tendon repairs per-
formed at our department between 3rd February 2012 and
30th June 2019. Patients were then followed for a minimum
of 2 years to assess the rate of tendon ruptures. Ruptures
were identified through a reoperation or clinically as a
sudden loss of all motion in the distal interphalangeal joint
(DIP) or the interphalangeal joint (IP) in thumb injuries.
These evaluations were performed retrospectively by ana-
lysing reoperation data from HAKIR and range of motion
data from clinical records for all patients in the identified
cohort.

Variables collected from HAKIR were age, sex, injured
tendon and extent of FDS involvement (isolated FDP, FDP
and partial FDS, FDP and complete FDS, FPL), number of
injured fingers (single or multiple), days between injury and
repair, core suture (braided polyester, braided polyblend, or
non-resorbable monofilament) and digital nerve injury
(absent or present). The prevalence of MBDs was based on
registration in the clinical records of ICD-10 codes FO-F99
(Chapter V, Mental and Behavioural Disorders). This group
of codes includes all types of mental, behavioural and
neurodevelopmental conditions. Other variables collected
from clinical records were smoking (yes, no or unknown),
injury mechanism (sharp or saw/crush), and rehabilitation
method (early active motion, Kleinert, immobilisation or
other). These variables were pre-agreed and chosen based
on previous studies®''™"* and clinical experience. Data
from clinical records were analysed by either two surgeons.

All tendon repairs were performed or supervised by an
experienced hand surgeon in our department. A dorsal
protective cast, secured with bandage and tape to the hand
was used on all patients during the first 4 weeks after op-
eration. The cast immobilized the metacarpophalangeal
joint (MCPJ) in approximately 45-70° of flexion, the wrist
in neutral and the IP in straight positions during this period.
Injuries to the FPL were immobilized with a lesser angle of
MCP]J flexion and with slight volar abduction in the thumb.

In the case of early active motion or Kleinert rehabilitation,
the immobilisation method allowed for exercise during
these weeks. All patients received written and oral in-
structions not to use their injured hands in activities during
the immobilisation period.

Data were analysed at the level of each patient and not at
the digit level since most variables were patient-related.
Normally distributed data are reported as mean and standard
deviation (SD), non-normal distributed data as median and
interquartile range (IQR). Logistic regression was used to
assess the association between potential risk factors and
rupture. This was done in two steps, first as crude associ-
ations, assessing each individual’s association to rupture,
and then as multiple logistic regression, assessing the ad-
justed association to rupture. Variables for the multiple
logistic regression were based on a cut-off p-value
of <0.2 from the crude associations. This procedure and
cut-off were determined before analysis to include potential
confounders and significant variables. The associations are
expressed as odds ratios (OR) with a 95% confidence level
(95% CI), we considered a p-value level of <0.05 as sig-
nificant. The potential effect of interactions was tested
between significant variables. The test of Hosmer Leme-
show was used to assess the goodness of fit in the model. A
p-value >0.05 was interpreted as a good fit for the data in the
model. Variables in a regression model should not be too
highly correlated with each other, to test the assumption of
independence between variables the variance inflation
factor was observed. All statistical tests were done using
IBM SPSS version 27. The Swedish Ethics Review Au-
thority reviewed and approved the study (Dnr 2017/2023-
31 and 2019-00880).

Results

A cohort of 593 patients with injuries to 717 fingers was
identified (Table 1). The median age at surgery was 34 (IQR
24-46) years, and 185 patients (31%) were women. In
patients with MBD, 29 (48%) had more than one F0-F99
diagnosis. Thirty patients had Attention-deficit/hyperac-
tivity disorder (ADHD) (F900), 32 patients (52%) had
depression and/or anxiety (F300-F499), 20 patients had a
diagnosis related to psychoactive substance use (F100), and
five patients had an autism diagnosis (F845). In total,
54 patients (92%) had ADHD, depression and/or anxiety or
some combination of these diagnoses. A total of 49 (8.2%)
patients had post-operative tendon ruptures, 33 ruptures
were identified by secondary surgery and 16 ruptures were
identified clinically as a sudden loss of all motion. There
was a median of 14 days (IQR 11-34) between tendon repair
and rupture. The potential aetiologies of the ruptures were
reported as non-adherence behaviour to restrictions in
16 patients (33%), accidents in seven (14%), infections in
six (12%), No clear cause of ruptures, without any reports of
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Table I. Patient and injury distribution and the frequency of ruptures after flexor tendon repair in zone | and II.

Variables Number of patients (% with rupture)  Variables Number of patients (% with ruptures)
Sex Number of fingers
Women 185 (4.3) Single 522 (9.2)
Men 408 (10) Multiple 71 (1.4)
Age Injured tendon
<25 153 (3.9) FDP 270 (6.3)
25-50 329 (8.5) FDP + partial FDS 121 (4.1)
>50 111 (15) FDP + FDS 220 (5.5)
FPL 106 (16)
Smoking Injured digital nerves
Yes 165 (9.1) None 419 (7.9)
No 397 (8.3) One or both 298 (6)
Unknown 31 3.2)
Mental and behavioural disorders Rehabilitation
No 531 (7.2) Early active 441 (9.3)
Yes 62 (17.7) Kleinert 86 (2.3)
Others 66 (9.1)
Injury mechanism Core suture material
Sharp 555 (8.5) Braided polyester 427 (6.8)
Saw/crush 38 (5.3) Braided polyblend 113 (12.4)
Non resorbable monofilament 53 (11.3)

Days to repair

<48 337 (9.2)
>48 164 (7.3)
>7 days 92 (6.5)

FDP: flexor digitorum profundus; FDS: flexor digitorum superficialis; FPL: flexor pollicis longus.

overload, were identified in 20 (41%) patients. For a total of
112 patients, there was information in the clinical records of
problems with broken or very dirty casts. In this group, the
rupture rate was 15%, compared to 4.5% in the group with
no reports of cast problems.

In the crude model, patients with MBD had an associ-
ation with rupture (OR 2.8 95% CI 1.3-5.8) (Table 2), with
17.7% ruptures compared to 7.2% in patients with no di-
agnosed disorder. In patients with MBD there were five
ruptures following non-adherence behaviour (8%), com-
pared to 11 ruptures (2%) in patients without MBD (Fisher’s
Exact Test p = 0.02). FPL repairs were associated with an
increased risk of rupture compared to FDP injuries in the
crude model (OR 2.5 95% CI 1.2-5.3) (Table 2). Injury to
multiple fingers, core suture material and rehabilitation
method had a p-value <0.2 in the crude model. Mechanism
of injury, digital nerve injury, days between injury and
repair, and smoking had a p-value >0.2 in the crude models
(Table 2).

In the multiple logistic regression model, MBD had an
association with rupture risk while adjusting for age, sex,
type of tendon injury, rehabilitation method, core suture
material and number of injured fingers (Negelkerke R
square 16.5) (Table 3). Patients with MBD had an in-
creased risk for rupture (OR 3.6) compared to patients with

no diagnosed disorders. In the same model, age and sex
also were associated with rupture (Table 3). Patients over
50 years of age (n = 111) had a higher risk of rupture
compared to patients under 25 years (n = 153), 15%
compared to 3.9%. Men (n = 408) had a higher risk of
rupture compared to women (n = 185), 10% compared to
4.3%. There was no interaction effect between MBD and
sex or age. However, there were only nine observations
among patients with MBD over 50 years of age, and there
were no ruptures in this small group of patients which
affected our ability to properly assess the influence of any
interaction between age and MBD. The Hosmer Leme-
show test indicated goodness of fit in the model. The
variance inflation factor indicated an independence of
observations. There were no missing values except in the
variable smoking, where 31 patients were classified as
unknown.

Discussion

We identified a significant association between MBD and
tendon rupture after flexor tendon repairs in zones I and 11
after adjusting for potential confounders, age, sex, reha-
bilitation method, injured tendon, number of injured fingers,
rehabilitation method and core suture material. This is the
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Table 2. Variables and their crude association to rupture after flexor tendon repair in zone | and II.

Variables OR (95%Cl) p-value Variables OR (95 ClI%) p-value
Sex Number of fingers
Women Ref Single Ref
Men 2.5 (1.1-54) 0.023 Multiple 0.1 (0.0-1.0) 0.054
Age Injured tendon
<25 Ref FDP Ref
25-50 2.3 (0.9-5.6) 0.074 FDP + partial FDS 0.6 (0.2-1.8) 0.405
>50 3.8 (1.4-10.2) 0.007 FDP + FDS 0.8 (0.4-1.9) 0.685
FPL 2.5 (1.2-5.3) 0.014
Smoking Injured digital nerves
Yes 1.103 (0.6-2.1) 0.764 None 1.3 (0.7-2.4) 0.403
No Ref One or both Ref
Unknown
Mental and behavioural disorders Rehabilitation
No Ref Early active Ref
Yes 2.8 (1.3-5.8) 0.006 Kleinert 0.2 (0.1-1.0) 0.047
Others 1.0 (0.4-2.4) 0.957
Injury mechanism Core suture material
Sharp Ref Braided polyester Ref
Saw/crush 0.6 (0.1-2.6) 0.492 Braided polyblend 1.9 (1.0-3.8) 0.054
Non resorbable monofilament 1.8 (0.74.4) 0.237
Days to repair
<48 Ref
>48 0.8 (0.4-1.6) 0.481
>7 days 0.7 (0.3-1.7) 0.420

FDP: flexor digitorum profundus; FDS: flexor digitorum superficialis; FPL: flexor pollicis longus; OR: Odds ratio; Cl: confidence interval.

first study to highlight the association between MBD and
the risk of rupture after flexor tendon repair. Previous
research has found higher rates of complications in patients
with mental disorders after rotator cuff repair,'* hip surgery
and knee joint arthroplasty.'”> ADHD, depression and
anxiety were the most common diagnoses in our cohort.
Several factors are likely to affect the increased risk of
rupture in this group of patients. Depression has been shown
to affect the regulation of inflammatory cytokines'® and
these also play an important role in tendon healing'’ po-
tentially increasing the risk of rupture. Similar to previous
research”®'® we identified a significant proportion of
ruptures following some type of non-adherence to reha-
bilitation. The proportion of non-adherence rupture was
greater in patients with MBD which may suggest that MBD
affects adherence. Previous research has shown that de-
pression and anxiety may affect rehabilitation
adherence.”'® One potential cause may be that adherence to
rehabilitation after flexor tendon repair imposes high mental
and behavioural demands, and patients can report frustra-
tion and a struggle to meet these demands.”’' The prev-
alence of MBD in our cohort was 10.5%. Previous research
has reported a higher prevalence of mental disorders,
32.8%.%* The prevalence of MBD in the patients with flexor

tendon injuries in the present study was evaluated only by
using the ICD-10 coding which may have resulted in some
underreporting.*?

Previous research regarding the influence of sex on
rupture risk is conflicting. Dy** reported no sex difference in
reoperation rates while we® reported a higher risk among
men in a previous paper. Harris’ and Lalchandani® reported
a somewhat higher, but not significant rupture rate in men.
The healing properties of tendons decrease with age, which
can be one explanation to our results of an increasing
rupture risk with age. The negative effect of age has been
shown in previous studies. The detection of ruptures may
affect the frequency, as well as the potential risk factors. We
identified ruptures both clinically and through reoperation.
This may explain the higher rupture rate of 8.2%. To report
ruptures only by secondary surgery may lead to under-
reporting in frequency and skewness in potential risk fac-
tors. One factor is that the willingness to undergo secondary
surgery is affected by several factors, age being one of them.
In our data, we found that patients >50 years with rupture
had a reoperation in about 50% of cases compared to about
90% in patients between 25 and 50. Injury to the FPL tendon
increased the risk for rupture in the crude model but not in
the adjusted model. This was probably affected by the fact
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Table 3. Adjusted associations between significant variables and
rupture after flexor tendon repair in 593 patients.

Variables OR? (95% Cl) p-value
Sex

Women Ref

Man 2.9 (1.3-6.6) 0.01
Age

<25 Ref

25-50 2.5 (0.9-6.4) 0.06

>50 4.3 (1.5-12.3)  0.006
Mental and behavioural disorders

No Ref

Yes 3.602 (1.6-8.1) 0.002
Injured tendon

FDP Ref

FDP + partial FDS 0.7 (0.2-2.0) 0.495

FDP + FDS 0.96 (0.4-2.2) 0.937

FPL 1.8 (0.84.0) 0.144
Number of fingers

Single Ref

Multiple 0.1 (0.01-1.1)  0.065
Rehabilitation

Early active Ref

Kleinert 0.2 (0.1-1.0) 0.062

Others 0.6 (0.2-1.7) 0.375
Core suture material

Braided polyester Ref

Braided polyblend 1.4 (0.7-2.9) 0.343

Non resorbable monofilament 1.6 (0.6—4.4) 0.335

FDP: flexor digitorum profundus; FDS: flexor digitorum superficialis; FPL:
flexor pollicis longus; OR: Odds ratio; Cl: confidence interval.
?Odds ratios adjusted for all variables in the model.

that FPL injuries had a higher proportion both of males and
patients above 50 years of age. Type of rehabilitation
method and core suture material had an association to
rupture in the crude models but not after adjusting for other
variables in the multiple model. There are a great dis-
crepancies in the literature regarding ruptures and Kleinert
mobilisation.”® The number of different rehabilitation
protocols in use also makes comparisons difficult.

A limitation in this study is the low number of observations
in some categories which affected our ability to assess inter-
action effects. It also affected the certainty in our associations
which is shown in the wide confidence intervals. Only 62 pa-
tients with 11 ruptures had MBD in our cohort which may affect
the certainty of our associations due to a low number of ob-
servations, especially in the multiple model. Including data
from clinical records can be a limitation, although we have
reliable routines for documentation in our department and we
used a protocol for assessing data for this study. Potential
aetiologies of ruptures were categorised into four groups. The
fact that these groups were limited to data from clinical records

made us disregard other potential influential factors such as
rupture being influenced by the condition of tendon ends and
the level of injury. Another limitation is the lack of detailed data
regarding the tendon repairs. However, the fact that we only
included patients from our department minimizes the potential
influence of this, because we mainly use four-strand core su-
tures with 4-0 circumference.

In conclusion, to our knowledge, this is the first study of
the association between MBD and ruptures after flexor
tendon repair. This study highlights the association of MBD,
together with higher age and male sex on rupture risk.
Awareness of this potential risk factor could help clinicians
understand the mechanism of rupture better and suggest
potential opportunities for future interventions to avoid this
complication. More research is required to understand the
underlying mechanisms and the influence of different MBD
on rupture risk after flexor tendon repair. Research is also
required to identify optimal strategies for postoperative
rehabilitation to prevent complications in patients with
different types of MBD.

Acknowledgements

We would like to thank Drs. Farnoush Tabaroj and Linda Unge for
help with examining medical records.

Author contributions

J.S. and M.A. researched literature and conceived the study. J.S.
and M.A. were both involved in protocol development, gaining
ethical approval, patient recruitment and data analysis. J.S. wrote
the first draft of the manuscript. Both authors reviewed and edited
the manuscript and approved the final version of the manuscript.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with re-
spect to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, au-
thorship, and/or publication of this article.

Ethics statement
Ethical approval

Ethical approval for this study was obtained from the Swedish
Ethical Review. Dnr 2017/2023-31 and 2019-00880.

Informed consent

Individual patient consent was not sought for the present study
because the research is based on data only from a national registry
and medical journal.



Hand Therapy 0(0)

Guarantor

JS.

ORCID iD

Jonas Svingen

https://orcid.org/0000-0002-2202-6186

References

1.

10.

11.

12.

Hardwicke JT, Tan JJ, Foster MA, et al. A systematic review
of 2-strand versus multistrand core suture techniques and
functional outcome after digital flexor tendon repair. J Hand
Surg Am 2014; 39: 686-695. DOI: 10.1016/j.jhsa.2013.12.
037

Dy CJ, Hernandez-Soria A, Ma Y, et al. Complications after
flexor tendon repair: a systematic review and meta-analysis.
J Hand Surg Am 2012; 37: 543-551.

Svingen J, Wiig M, Turesson C, et al. Risk factors for re-
operation after flexor tendon repair: a registry study. J Hand
Surg Eur Vol 2022; 47: 1071-1076.

McBride KE, Solomon MJ, Bannon PG, et al. Surgical
outcomes for people with serious mental illness are poorer
than for other patients: a systematic review and meta-analysis.
Medical Journal of Australia 2021; 214: 379-385.

. Britteon P, Cullum N and Sutton M. Association between

psychological health and wound complications after surgery.
British Journal of Surgery 2017; 104: 769-776.

Ryan C, Miner H, Ramachandran S, et al. General anxiety is
associated with problematic initial recovery after carpal
tunnel release. Clinical Orthopaedics and Related Research
2022; 480: 1576-1581.

Harris SB, Harris D, Foster AJ, et al. The aetiology of acute
rupture of flexor tendon repairs in zones 1 and 2 of the fingers
during early mobilization. J Hand Surg Br 1999; 24: 275-280.
Su BW, Solomons M, Barrow A, et al. Device for zone-II
flexor tendon repair. A multicenter, randomized, blinded,
clinical trial. J Bone Joint Surg Am 2005; 87: 923-935.
Savas S and Aydogan C. Factors affecting orthosis adherence
after acute traumatic hand tendon repairs: a prospective cohort
study. Journal of Hand Therapy 2022; 35(1): 32—40.

Armer M. Developing a national quality registry for hand
surgery: challenges and opportunities. EFORT Open Rev
2016; 1: 100-106.

Reito A, Manninen M and Karjalainen T. The effect of delay
to surgery on major complications after primary flexor tendon
repair. J Hand Surg Asian Pac 2019; 24: 161-168.

Starnes T, Saunders RJ and Means KR. Clinical outcomes of
zone II flexor tendon repair depending on mechanism of
injury. J Hand Surg Am 2012; 37: 2532-2540.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Rigo IZ and Rekkum M. Predictors of outcome after primary
flexor tendon repair in zone 1, 2 and 3. J Hand Surg Eur 2016;
41: 793-801.

Freshman RD, Oeding JF, Anigwe C, et al. Pre-existing
mental health diagnoses are associated with higher rates of
postoperative complications, readmissions, and reoperations
following arthroscopic rotator cuff repair. Arthroscopy 2023;
39: 185-195.

. Rasouli MR, Menendez ME, Sayadipour A, et al. Direct cost

and complications associated with total joint arthroplasty in
patients with preoperative anxiety and depression. The
Journal of Arthroplasty 2016; 31: 533-536.

Postal M and Appenzeller S. The importance of cytokines and
autoantibodies in depression. Autoimmunity Reviews 2015;
14: 30-35.

Schulze-Tanzil G, Al-Sadi O, Wiegand E, et al. The role of
pro-inflammatory and immunoregulatory cytokines in tendon
healing and rupture: new insights. Scandinavian Journal of
Medicine & Science in Sports 2011; 21: 337-351.
Rutherford C, Hodnett R and Kandamany N. Identifying
potential risk factors for flexor tendon rupture after repair: a
retrospective cohort study. International Journal of Surgery
2015; 23: S93.

Jack K, McLean SM, Moffett JK, et al. Barriers to treatment
adherence in physiotherapy outpatient clinics: a systematic
review. Manual Therapy 2010; 15: 220-228.

Svingen J, Arner M and Turesson C. Patients’ experiences of
flexor tendon rehabilitation in relation to adherence: a
qualitative study. Disability & Rehabilitation 2023; 45(7):
1115-1123.

Fitzpatrick N and Finlay L. Frustrating disability: the lived
experience of coping with the rehabilitation phase following
flexor tendon surgery. International Journal of Qualitative
Studies on Health and Well-Being 2008; 3(3): 143—154.
Kringlen E, Torgersen S and Cramer V. A Norwegian psy-
chiatric epidemiological study. Am J Psychiatry 2001; 158:
1091-1098.

Nguyen TQ, Simpson PM and Gabbe BJ. The prevalence of
pre-existing mental health, drug and alcohol conditions in
major trauma patients. Australian Health Review 2017; 41:
283-290.

Dy CJ, Daluiski A, Do HT, et al. The epidemiology of re-
operation after flexor tendon repair. J Hand Surg Am 2012,
37: 919-924.

Lalchandani GR, Halvorson RT, Zhang AL, et al. Patient
outcomes and costs after isolated flexor tendon repairs of the
hand. Journal of Hand Therapy 2022; 35(4): 590-596.
Chesney A, Chauhan A, Kattan A, et al. Systematic review of
flexor tendon rehabilitation protocols in zone II of the hand.
Plastic and Reconstructive Surgery 2011; 127: 1583—-1592.


https://orcid.org/0000-0002-2202-6186
https://orcid.org/0000-0002-2202-6186
https://doi.org/10.1016/j.jhsa.2013.12.037
https://doi.org/10.1016/j.jhsa.2013.12.037

	Mental and behavioural disorders increase the risk of tendon rupture after flexor tendon repair in zone I and II
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	Author contributions
	Declaration of conflicting interests
	Funding
	Ethics statement
	Ethical approval
	Informed consent

	Guarantor
	ORCID iD
	References


