From THE DEPARTMENT OF CLINICAL SCIENCE AND
EDUCATION, SODERSJUKHUSET
Karolinska Institutet, Stockholm, Sweden

FLEXOR TENDON REPAIR.

REHABILITATION ADHERENCE,
OUTCOME, AND COMPLICATIONS.

Jonas Svingen

S¥A INJ*)

S
§ §9 Karolinska
> Institutet

>K
Wio 1%\0

Stockholm 2022



All previously published papers were reproduced with permission from the publisher.
Published by Karolinska Institutet.

Printed by Universitetsservice US-AB, 2022
©Jonas Svingen, 2022

ISBN 978-91-8016-748-2



Flexor tendon repair. Rehabilitation adherence, outcome

and complications.

THESIS FOR DOCTORAL DEGREE (Ph.D.)

By

Jonas Svingen

The thesis will be defended in public at Sédersjukhuset, aula, floor 6, Sjukhusbacken 10

Stockholm, 2022-11-04 at 9:00

Principal Supervisor:

Professor Marianne Arner

Karolinska Institutet

Department of Clinical Research and Education
Department of Hand Surgery, Sddersjukhuset

Co-supervisor(s):

PhD, OT Christina Turesson

Linkdping University

Department of Health, Medicine and Caring
Sciences

Division of Prevention, Rehabilitation and
Community Medicine.

Associate Professor Simon Farnebo

Linkoping University

Department of Hand Surgery, Plastic Surgery and
Burns, and Department of Biomedical and
Clinical Sciences.

Associate Professor Monica Wiig
Uppsala University

Department of Surgical Science.
Division of Hand Surgery

Opponent:

Professor Magne Rokkum

Oslo University

Department of Clinical Medicine
Division of Ortopaedic Surgery

Examination Board:

Associate Professor Birgitta Rosén
Lund University

Department of Translational Medicine
Division of Hand Surgery

Associate Professor Ingrid Demmelmaier
Uppsala University

Department of Public Health and Caring Sciences
Division of Lifestyle and rehabilitation in long-
term illness.

Associate Professor Hans-Erik Rosberg
Lund University

Department of Translational Medicine
Division of Hand Surgery






Julia and Elma



“It 1s not difficult to suture tendons and prepare the ground for sound
union. The real problem is to obtain a freely sliding tendon capable of
good function”

Guy Pulvertaft. 1948



POPULAR SCIENCE SUMMARY OF THE THESIS

Rehabilitation after flexor tendon repair in fingers is a balancing act for the patients. They
need to move the fingers to recover good hand function but not with too much force as it can
lead to rupture of the repaired tendon. To achieve this, patients are recommended to follow a
rehabilitation protocol including exercises, restrictive hand use and wearing a protective
splint on the injured hand. This balancing act can be hard for the patients while managing
their everyday life. About one out of 10 patients need reoperation due to tendon rupture or
poor hand function.

Despite the commonness of reoperation and the importance of adherence to the rehabilitation,
there is little known about how adherence can be facilitated and what the risk factors for
reoperations are. After a flexor tendon repair the outcome is often evaluated in terms of range
of motion in the injured finger. The range of motion is then categorized as “poor”, “fair”,
“good” or “excellent” based on a classification system. These classification systems have
received criticism as they simplify the complexity of the injury. Despite this, there is little
known about the relationship between patient-reported outcome and these classifications.

In this thesis we studied different aspects of adherence to rehabilitation, risk factors for
complication, and the outcome of flexor tendon injuries with the aim of understanding them
better.

In the first study we examined if a smartphone application could help patients follow the
recommended home-based exercises during rehabilitation after flexor tendon repair. A total
of 101 patients were randomly divided into two groups: one group that received a smartphone
application and the other group who only received standard rehabilitation. The results were
then compared in terms of adherence, self-efficacy and finger range of motion at two, six and
12 weeks after the tendon repair. We concluded that there was no difference between the
groups and that the smartphone application could not improve adherence, range of motion or
self-efficacy.

In the second study we interviewed seventeen patients after three months of flexor tendon
rehabilitation in the finger. This was done to explore patients experience of rehabilitation in
relation to following the recommendations of exercise and restrictive hand use. The result
showed us that the patients’ perceptions of the injury, the cost and benefits of rehabilitation,
the context and support in managing daily activities all affected how well patients could
follow the recommended exercises and use the injured hand in a safe way.

In the third study we assessed factors that could increase the risk for reoperation. We assessed
information from the Swedish national hand surgery register (HAKIR) on operation done
between 2010 and 2019 on flexor tendons in the finger. We also assessed information from
the register, Statistical Sweden (SCB) regarding income and education. We found that about
10% of repaired fingers had secondary surgery and that male sex, injury to the thumb and age
above 25 increased the risk of tendon rupture. Injury to both tendons in one finger increased



the risk for both finger stiffness and tendon rupture. We also found that patients with higher
income had more reoperations due to finger stiffness compared with low-income patients.

In the fourth study we assessed how patients’ perception of the outcome corresponded to the
most used classification system in the literature. We used information from HAKIR, on
patients assessed at three and 12 months after their flexor tendon repair. We found that the
patients’ perception of stiffness, hand function and satisfaction corresponded to the
classifications system but only to some extent.

In conclusion, this thesis shows that patients’ adherence is probably affected by their
perception of the injury, and perception of the rehabilitation, the support and context during
rehabilitation. The smartphone application evaluated could not increase the adherence to
home-based exercise. We also showed that male sex, age above 25 and type of tendon injury
increase the risk for reoperation. Patients’ perception of the result did not correspond well
with the most common outcome classification used. Understanding the risk factors, the
constructs related to adherence, and patient-reported outcome may give important knowledge
to surgeons and therapists when treating patients with flexor tendon injuries.



POPULAR SCIENCE SUMMARY IN SWEDISH.
(SAMMANFATTNING PA SVENSKA)

Rehabilitering efter en bojsenskada i fingrarna ar en balansakt for patienterna. De maste réra
pa fingrarna for att aterfa en god handfunktion men detta kan de inte géra med for stor kraft
for det gor sa senan gar av igen. For att uppna denna balans rekommenderas patienterna att
folja ett rehabiliteringsprogram som inkluderar traning, anpassad anvandning av den skadade
hand samt att béra ett gips eller en ortos. Den har balansakten kan vara kravande for
patienterna eftersom de behdver hantera sin vardag samtidigt. Omkring en av tio patienter
behdver ytterligare kirurgi pa grund av att senan gar av igen eller pga dalig handfunktion.

Trots att reoperationer ar vanliga och det ar av vikt att folja rehabiliteringsprogrammet sa vet
vi lite kring hur féljsamhet kan forbéttras och vilka faktorer som 6kar risken for reoperation.
Resultatet efter en béjsenskada ar ofta klassificerat baserad pa fingrets rérlighet som “dalig”,
’rimlig”, ”bra” eller utmarkt”. Dessa klassifikationer har dock utstatt en del kritik eftersom
de forenklar komplexiteten av skadan. Trots detta sa finns det lite kunskap kring relationen
mellan dessa klassifikationer och hur patienten upplever sin skada.

I denna avhandling studerar vi olika aspekter av foljsamhet till rehabiliteringen, risk faktorer
for komplikationer och resultatet av béjsenskador med syftet att forsta dem battre.

I den forsta studien undersokte vi om en applikation i en mobiltelefon kunde hjalpa patienter
att forbattra foljsamheten till traningen under rehabiliteringen efter en bojsenskada.
Patienterna delades upp i tva grupper, en som fick anvanda en mobiltelefonapplikation och en
som fick utfora rehabilitering som vanligt. Sedan jamforde vi de bada gruppernas foljsamhet,
tilltro till sin egen formaga samt rorlighet vid tva, sex och tolv veckor efter operation.
Resultatet visade att det inte var nagon skillnad mellan grupperna och slutsatsen blev att
applikationen inte kunde forbéattra foljsamheten.

| den andra studien intervjuade vi 17 patienter efter tre manaders rehabilitering av en
bojsenskada. Detta gjorde vi for att battre forsta patienters erfarenhet av rehabiliteringen i
relation till att folja raden som de far. Resultatet visade att patienternas uppfattning av skadan,
kostnaden och fordelarna med rehabiliteringen, kontexten och stdet att hantera dagliga
aktiviteter paverkar hur de foljer raden kring traning och anvandning av handen.

| den tredje studien studerade vi faktorer som kan paverka risken for reoperation efter
bojsenskada. Vi studerade information fran det svenska nationella handkirurgiska registret
HAKIR och SCB pa patienter opererade for bojsenskada mellan 2010 och 2019. Vi sag att
10% av patienterna reopereras och att man, med alder dver 25ar och skada pa tummen hade
okad risk for reoperation pga att senan gick av under rehabiliteringen. Har man en skada pa
bada senorna i ett finger ckar det risk for reoperation bade pga stelhet och ruptur. Patienter
med hogre inkomst hade dven hoégre andel reoperationer pga stelhet jamfort med patienter
med lag inkomst.



| den fjarde studien undersokte vi hur patienternas upplevelse av fingret forhaller sig till den
vanligaste klassifikationen av resultatet efter bojsenskada. Vi anvande information fran
HAKIR pa patienter uppféljda vid tre och tolv manader efter operation. Vi sag att patienters
upplevelse av stelhet, handfunktion och néjdhet av operationen hangde ihop med
klassifikationen, dock bara till en viss del. Nar en patient upplever sig mindre stel, eller med
battre handfunktion eller mer ndjd dkar det chansen att de klassificerades hogre. Men
daremot sa stamde detta samband daligt mellan enskilda steg av klassificeringen.

Sammanfattningsvis sa kunde inte mobiltelefonapplikationen forbattra patienternas
foljsamhet till hemtraningsprogrammet. Patienternas féljsamhet paverkas troligen av deras
uppfattning av sin skada, uppfattningen av rehabiliteringen, samt deras sociala sammanhang
och kontexten under rehabiliteringen. Vi identifierade att manligt kon, alder samt typ av
skadad sena paverkar risken for reoperation. Vidare sa visade det sig att patienternas
upplevelse av sin skada stammer daligt 6verens med den vanligaste klassifikationen av
skadan. Att forsta riskfaktorer, den underliggande konstruktionen av féljsamhet och
patientrapporterade utfall kan ge viktig kunskap till Kirurger och terapeuter som behandlar
patienter med bdjsenskada.



ABSTRACT

Flexor tendon injuries in the finger (zones 1 and 2) are problematic due to high rates of both
rupture of the repair and of soft tissue adhesions resulting in poor range of motion. Both
complications often result in reoperations and worse outcome of the injury. Rehabilitation
after flexor tendon repair is a balancing act for the patient. The exercise and daily activities of
the hand need to be at enough force to avoid soft tissue adhesion forming which restrict
finger motion but still with low enough force to avoid rupture of the repaired tendon. This
creates high demands on patient’s adherence while coping with the injury in everyday life.
The literature describes the importance of adherence but, there is little evidence in terms of
how to improve and understand patient adherence to flexor tendon rehabilitation. Risk factors
for the two most common reasons for reoperations have been studied but there is a lack of
studies including detailed variables about the repair, the injury and the patient. The outcome
after flexor tendon repair is often reported as a classification into a category; poor, fair, good
or excellent based on the finger range of motion. This classification could be criticized as
being too simplistic for a complex injury, but still there is little known about how the
patients” perceptions of their outcome corresponds to these classifications. The overall aim of
this thesis was to improve and explore rehabilitation adherence and outcome, including a
smartphone intervention and patients” perspectives, and to explore complications after flexor
tendon repair and rehabilitation.

In paper 1, a total of 101 patients were included at the start of early active motion
rehabilitation after their flexor tendon repair. Patient were randomised to rehabilitation with
the aid of a smartphone application or according to standard rehabilitation. Patients
adherence, self-efficacy and range of motion were then assessed at baseline, and two, six and
12 weeks after repair. There were no overall differences between the groups in range of
motion, adherence, or self-efficacy.

In paper 2, Seventeen patients with flexor tendon repairs were interviewed after three months
of early active motion rehabilitation. The interviews were then transcribed and analysed
according to deductive content analysis based on the health belief theory. The results are
described in six categories: perceived susceptibility to loss of hand function; perceived
severity of the injury; perceived relationship between cost, benefits and efficacy of
rehabilitation; perceived self-efficacy; relationship between patient and practitioner; and
external factors.

In paper 3 data was collected from the Swedish national hand surgery registry (HAKIR) and
Statistics Sweden (SCB) on a cohort of patients with flexor tendon repair between 2010 and
2019. A total of 1375 patients were identified and followed for at least one year to assess
reoperation due to rupture or tenolysis. The result showed that 5% of patients had been
reoperated due to rupture and 4.8% due to tenolysis. There was an increased risk of rupture in



male patient, age above 25 and in patients where the FPL tendon had been repaired. If both
the FDP and FDS tendons were repaired, it increased the risk for both tenolysis and rupture.
With increasing income, the frequency of tenolysis increased.

In paper 4 we collected data from HAKIR on patient with flexor tendon repair between 2010
and 2020. We then used data on patients with a complete set of data from the patient
questionnaires and functional assessments of range of motion at three and 12 months after
repair. The patient questionnaire included the HQ-8, Quick-DASH and perceived satisfaction
with results. We assessed 215 patients at three months after repair, and 150 patients at 12
months. We calculated the association between patient reported outcome and the Original
Strickland classification. As perceived stiffness increased the OR of being in a higher
Strickland level decreased, although perceived stiffness could only discriminate between the
independent levels of fair and good. An increased Quick-DASH score decreased the OR of
being in a higher Strickland level, although only between fair and poor results at three
months. As perceived satisfaction with result increased, the OR of being in a higher
Strickland level also increased. But perceived satisfaction could only discriminate between
the levels of fair and good at twelve months.

In conclusion, the smartphone application did not increase the adherence, self-efficacy or
range of motion during the first three months of rehabilitation. Patients’ perceptions of the
injury, the rehabilitation, and the context and support during rehabilitation affects adherence.
Several risk factors were associated with reoperation due to rupture or tenolysis, namely male
seX, age above 25, injury to FPL or both FDP and FDS. Patient-reported outcome only
corresponded with some independent levels of Strickland and the classification of range of
motion into poor, fair, good and excellent may thus add little value to the patients.
Understanding the risk factors, the constructs related to adherence and patient-reported
outcome may give important knowledge to surgeons and therapists when treating patients
with flexor tendon injuries.
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FLEXOR TENDON INJURIES
1 BACKGROUND

The first reported tendon repair was performed in the tenth century by the surgeon Avicenna
(1). However, until the 17" century tendon surgery was rarely performed because nerves and
tendons were regarded as the same structures. In the early 20" century flexor tendon surgery
is more frequently described in the hand, mainly using tendon grafts (2). At this time poor
results were common, and adhesions were a big problem. In 1948, Sterling Bunnell in the US
first published the term “no mans” land” for describing injuries of flexor tendons in the
tendon sheath region. In a study by Haugen 1955, 94 of 98 repaired flexor tendons in zone 2
had regained no function at all (3). In the second half of the 20" century primary repair of
flexor tendons using an early start of post-operative mobilisation began to revolutionise
outcomes. Around the same time objective measurements of outcome were suggested (4).
Using stronger suture techniques for tendon repairs, post-operative rehabilitation regimes
became more and more aggressive. Early mobilization of a tendon repair however imposes
higher demands on patients” adherence to instruction, including necessary restrictions on
hand use and exercises. There are few previous studies on adherence although its importance
in order to reach good results and minimise the rate of complications.

The human hand has a complex anatomy that creates fine motor and sensory skills that are
essential for everyday life. The muscles in the hand can be divided into intrinsic and extrinsic
muscles depending on their origin. The hand has three extrinsic flexor tendons that control
flexion in the interphalangeal joints of the fingers. The flexor digitorum profundus muscle
(FDP) has its origin on the proximal part of the ulna, the deep facia and the interosseous
membrane and insert on the distal phalanges of dig 11-V. The FDP muscle flexes both the
distal interphalangeal (DIP) joint and the proximal interphalangeal (PIP) joint. The flexor
digitorum superficialis (FDS) has four separate muscle bellies that originate from the distal
ulna, the radius and the medial epicondyle of the humerus. The FDS tendons insert on the
middle phalanges and the main action is flexion of the PIP joints. The flexor pollicis longus
(FPL) muscle has its origin on the volar side of the radius and inserts on the distal phalanx in
the thumb. Its main action is flexion of the interphalangeal (IP) joint of the thumb. The FPL
muscle has also been reported to be a primary mover of the MCP joint (5). At the level of the
metacarpo phalangeal (MCP) joints the tendons enter an intrasynovial sheath that lubricates
the gliding surface of the tendon and provides nutrition. In the same area the tendon is held
close to the bone by a pulley system constituted of five annular pulleys (A1-A5) and three
cruciate (C1-C3). During normal range of motion (ROM) the tendons glid 32-24mm (6),
which creates 260 degrees of motion in the three finger joints (7).

The mechanism of injury is most commonly a sharp cut on metal or glass (8). The injury can
be divided into five zones depending on location of the injury and the surrounding anatomy
(Picture 1). Zone one is between the insertion of FDS and insertion of FDP, zone two
between the MCP joint and the insertion of FDS, zone three between the MCP and the carpal
ligament, zone four between the carpal ligament and the radiocarpal joint and, zone five
proximal to the radiocarpal joint. Injuries in zone 2 are the most common (9) and this is also
the area receiving most attention in the literature. There is also a more recent injury



classification that divides zones one and two into seven subzones based on the location of the
pulley system (10). This thesis will concentrate on flexor tendon injuries in the finger level
(zones one and two).

Picture 1. Flexor tendon zones.

The healing flexor tendon undergoes three stages, inflammation: proliferation and remodeling
which overlap each other. The Inflammation stage occurs during the first week. Macrophages
and fibroblasts infiltrate the injury site with subsequent phagocytosis of the tissue. The
proliferative stage occurs after a few days to one month after injury. Tenocytes mostly creates
collagen 3, which is mechanically inferior to other collagen types. The remodelling stage
normally starts between one and two months after repair. Collagen 1 then starts to become
dominant, and the extracellular matrix begins to align (11, 12).

Tendon healing can be described by two mechanisms, intrinsic and extrinsic. Intrinsic healing
occurs through cell growth within the tendon. Extrinsic healing comes from outside the
tendon through an inflow of cells and nutrients from the sheath and the surrounding area.
Research has suggested that the extrinsic process starts earlier and is more reactive (12). A
dominance of extrinsic healing has been described to lead to more adhesions (13). Adhesions
represent a more common problem after intra synovial flexor tendon repairs (zone 2) and
mechanical load is important in reducing them (14). These biological factors create the
rationale for early mobilisations regime after flexor tendon repair.



The incidence of traumatic tendon injuries in the hand is 33 in 100 000 per year in the United
states (9). For complete flexor tendon injuries without fractures the incidence was seven in
100 000 every year in a population in northern Finland (15). The injury is five times more
common in men and can happen at every stage in life. The mean injury age is 35-39 years
(15, 16). A flexor tendon injury entails a substantial cost for both the health care service and
society (144000SEK in 2003), and it increases by 57% in the case of reoperation (17).

1.1 FLEXOR TENDON REPAIR

During the last few decades there has been a substantial amount of research on different
aspects of flexor tendon repair. This has led to considerable improvements of the suture
strength. Despite the increased knowledge, there is an ongoing debate regarding the ideal
method to suture a flexor tendon (18). According to Strickland, the ideal suture should be
easy to perform, have secure knots with smooth junctions, create minimal gapping between
the tendon ends, and minimal interference with the vasculature, as well as have sufficient
strength to allow early exercise without rupture (19). To achieve the ideal suture, several
factors could be considered; repair or resection of the FDS and annular pulleys, the number of
strands, the core suture technique, suture diameter and number of knots, the configuration of
the peripheral repair, the suture purchase, the tension of suture (20). At least four strands for
the core suture is generally recommended in the literature (20), although a review concluded
there was no difference in rupture rate between a two- strand or multi-strand techniques due
to the heterogeneity in the research (21). A release of the second annular pulley (A2) is safe
in terms of tendon bowstringing (22) and reduces the tendon gliding resistance (23), it is
recommended if needed (10). A tendon purchase of at least one centimetre has been shown to
increase strength compared to shorter ones (24, 25). A great variety in suture techniques is
described in the literature (26), which makes comparisons between studies difficult.

1.2 FLEXOR TENDON REHABILITATION

Just as for the tendon repair techniques, rehabilitation after flexor tendon injuries has
developed during the last few decades. Rehabilitation often starts within the first few days
after repair with regular finger exercises. This has been shown to improve range of motion
(27) and improve tendon strength (28). The incentive for an early start is to produce enough
tendon excursion to minimise the adhesion formation created during healing. There are many
different rehabilitation protocols in use (29) but no real consensus regarding which is the
optimal (30). The large number of different protocols in the literature makes it practically
impossible to list them all in this thesis, but they can be divided into three groups. Passive
flexion exercise by a rubber band (Kleinert method) connected to the injured finger or by the
patient using the uninjured hand (Duran method) (31) (32). This makes the flexion passive
and extension passive or active. "Place and hold” includes passive flexion done by the patient
with the uninjured hand and an active hold of the finger in the flexed position (33). Early
active motion includes active flexion of the injured finger (34). Local culture at the hand units
probably influences the choice of rehabilitation protocol.

The protocols in the literature have developed over the years from passive exercises to more
active regimes with active flexion that sometimes also includes wrist motion during the first



weeks. An active component in the exercise has been shown to be beneficial for range of
motion but may increase the rupture rate (30, 35-37).

Active flexion exercise has convincing incentives in theory as it creates more tendon
excursion compared to passive (38, 39). This is suggested to decrease adhesion and may be
the reason for improved ROM. However, the association between tendon excursion during
rehabilitation and final ROM has been debated. An animal model comparing 1.7mm tendon
excursion with 3.6mm did not result in any significant difference in ROM, adhesions or
gapping of the repair (40). However, there is still a lack of studies of high quality from which
to draw reliable conclusions. A recent Cochrane review of rehabilitation interventions after
flexor tendon repair concluded there was a lack of evidence to suggest any rehabilitation
approach to be superior (41).

Common to all protocols is some degree of restricted hand motion during the first four to six
weeks with a cast or a splint. The hand is positioned with flexion in MCP and straight IP
joints. The wrist historically was placed in a flexed position, but there are reports of protocols
that use a more extended immobilisation position (42) or no mobilisation at all (43).

Picture 2. A patient with cast immobilisation typically used at our department during the first
four weeks of rehabilitation.

Protecting the hand with the wrist in an extended position has been shown to lower the force
needed for flexion (44, 45). A review regarding unrestricted wrist motion during
rehabilitation concluded there was insufficient evidence to draw any conclusions (46).
Patients are recommended not to use their injured hand during the period of cast or splint
protection to avoid overloading the repaired tendon and causing rupture. From around six



weeks after the repair the patients is recommended to gradually increase the load on the
injured hand. Patients are not recommended to fully load their hand until 12 weeks after the
repair. A consequence is often that the patients are unable to manage their household task
without difficulties, manage their own hygiene, drive a car, participate in leisure activities or
take care of others (47). Because of the consequences, patients may experience a change in
their life roles after a traumatic hand injury (48). Patients can cope with a traumatic hand
injury differently (49), but the process of coping with flexor tendon rehabilitation while
managing their own life is demanding for them. In a qualitative study by Fitzpatrick the
patients reported struggling to cope with the pain and restrictive hand use (50). Patients meet
an occupational therapist or physiotherapist who guides the rehabilitation and coping process
during regular visits. The level of experience of the therapist is important as it has been
shown to influence the ROM and satisfaction after flexor tendon repair (51).

Exercise is recommended to start four to seven days after the repair to avoid the initial
increase in oedema within the first days which creates resistance to movement (52). The ratio
between suture strength and the force needed for motion suggests that five days after surgery
is the best time to start (53). The force needed for finger flexion reduces with each repetition,
and because of this, the first flexion exercises are recommended to be done passively (54).
The main body of research on rehabilitation has been done on the protocols used during the
first weeks, few studies exist on the components of the duration and frequency of exercise
within the protocols. A wide range of recommendations regarding the components of exercise
is in use, from 20-30 repetitions four times a day (55) to fewer exercises every hour (56).
There is little evidence to suggest which frequency and duration is optimal. Gelberman
compared 12000 repetitions of passive exercise 75 hours a week with 1000 repetition four
hours a week and showed a significantly better range of motion in the high repetition group
(57). Takai compared passive exercise for 60min/day with 5min/day with the same number of
repetitions, and showed a higher tendon strength with higher frequency (58). Most
departments of hand surgery in Sweden use early active motion protocols during the first four
weeks of rehabilitation. This includes a number of passive repetitions of flexion followed by
active flexion and extension in the fingers.

1.3 COMPLICATIONS AFTER FLEXOR TENDON REPAIR AND
REHABILITATION

Complications after flexor tendon repair is a recognised topic in the field of hand surgery. A

reason is that tendon repair in the intra synovial sheath is technically difficult due to the

delicate balance between tendon healing and gliding. Different complications have been

described (59) but adhesions and tendon ruptures are the most common and the main reasons

for reoperation (60).

Ruptures are often reported in the literature along with the end results of the repair but there
are few well-designed studies reporting reasons or risk factors for ruptures. One reason for
this may be the large volume of data needed to draw conclusions as the incidence is reported
to be around 4% (61, 62). Research on causes of rupture has been linked to poor adherence
regarding restrictive hand use (63). Dy reported that core suture techniques or the presence of
an epitendinous suture did not influence the rupture rate (61). Shepard reviewed the influence



of time between repair and start of rehabilitation in a cohort of 3501 patients and concluded
that an early start (within the first seven days) did not influence the rate of reoperations
caused by rupture or tenolysis (64). The influence of the time between injury and tendon
repair on outcome has been debated (65). In a study by Reito, a delay of more than three days
and the mechanism of injury (cutting vs high energy) were associated with complications
(66). The injury mechanism involving a saw has similarly been shown to increase the risk of
reoperation but not the rupture rate (67).

Adhesions between the tendon and the surrounding tissue can be diagnosed as a substantial
discrepancy between active and passive ROM (68). However, there is no clear definition of
the level of discrepancy. Adhesions may require secondary surgery with tenolysis but not in
all patients. A decision on whether to perform a tenolysis or not is made during a consultation
between the surgeon and patient, and not all patients with poor results want to have a
tenolysis (69). Tenolysis rates between 3.5 (60) and 14.4 (70) percent have been reported. In
a study by Rigo (62) several factors negatively affected ROM, namely; age, smoking, injury
localisation, extent of soft tissue or skeletal injury, delay to surgery, and surgical management
of the pulley system and the FDS. Edsfeldt (16) reported that higher age influenced ROM one
year after repair of flexor tendons.

1.4 ADHERENCE

Adherence and compliance are two common concepts used to describe the degree to which
patients’ behaviour corresponds to medical advice. These two phrases have been used
interchangeably in the past, with similar definitions (71, 72). However, there has been a shift
from compliance to adherence, where the definition of adherence has also shifted to more
focus on the active participation by the patient, as a resource in a partnership with the health
care worker (73). To highlight this, The World Health Organization in 2003 (74) changed
their definition of adherence from “the extent to which the patient follows the medical
instructions”’ 10 “the extent which a person’s behaviour corresponds with agreed
recommendations from a health care provider” . If this general concept of adherence should
be explained in terms of rehabilitation after flexor tendon repair, it should be the extent to
which a person’s behaviour — wearing a protective splint/cast, adapting hand use, following
exercise instructions, corresponds with agreed recommendations from the health care
provider, often a physiotherapist or/and an occupational therapist. Exercise adherence can be
viewed from the different dimensions of exercise (75). These dimensions is linked to the
recommendation of exercise which is given with a certain level of sets, repetitions, force, and
joint motion. This corresponds to the quantity and quality of exercise. Similar dimension
could be applied on protective splint wear and adapting hand use. For instance, how often is
the splint removed and for how long, and what are the level of force on the injured hand
during activities.

Despite the shift to adherence, this concept has also been under debate and criticism, which
has contributed to the establishment of the term ‘concordance’. The concept of concordance
builds on respect for the patient’s agenda and highlights the interaction with the patient as a
negotiation between equals in an alliance that may result in a mutual agreement (76). But the



concept of concordance is not like adherence and compliance as it focuses on the consultation
process and not the behaviour after treatment. Concordance has been suggested to be
synonymous with patient-centred care, and to be a way to improve and understand adherence
(77). Concordance has implications during the rehabilitation of flexor tendon injuries but the
time limits during appointments and the lack of research in the field, together with the fact
that some restrictions during rehabilitation has an adherence nature makes the implication
more difficult (78). The term ‘adherence’ will be used hereafter in this thesis.

When a behaviour does not correspond to the agreed recommended behaviour, it is defined as
non-adherence. Non-adherence can be divided into two dimensions; purposeful and
unintentional (79). The difference between the two depends on the patient’s awareness of the
behaviour, if the patient is aware that his or her behaviour does not correspond to the agreed
behaviour, then it is purposeful, if not then it is unintentional. This is of importance because it
tells us something about the underlying reason for non-adherence and to understand the
reason is the first step in trying to help patients become more adherent. It has been shown that
therapists and patients’ views of the underlying reasons for non-adherence can differ. The
therapist often describe that the patient forgot the instructions, was unsure of what to do or
had difficulties reading the programme, while patients describe time management and high
pain levels as larger problems (80). Although adherence has received much attention in
research the field is not unproblematic. There is no uniform definition of adherence, although
the definition used by WHO has been used frequently in recent years and there is no uniform
way of measuring adherence.

1.4.1 Understanding adherence

As describe above, adherence is a very complex behaviour phenomenon, with countless
potential reasons and explanations for its occurrence. In trying to understand and explain a
behaviour, a theory can be useful. In the field of health behaviour, the role of a theory is to
explain the components of when, how and why a behavior does and does not occur, and,
which potential ingredients should be targeted to influence the behaviour (81). In terms of
rehabilitation after flexor tendon repair this could be translated to explain for example when,
how, and why a patient protects their repaired tendon with a splint/cast or adapts hand use
and does regular exercises. Basically, trying to explain a patient’s behaviour during the
rehabilitation. The effectiveness of a theory in explaining a behaviour is dependent on the
type of theory and behaviour. There are many theories regarding health behaviour and the
literature regarding whether interventions based on theory are better or not is conflicting (82).

The Health Belief Model (HBM) has a long history and has been influenced by the work of
psychologist Kurt Lewin (83). Briefly, the theory explains a person’s health behaviour as
influenced by the perception of the domains in the model. These are the seriousness of the
health risk, susceptibility to the health risk, and the benefits and the cost of the behaviour
(83). The domain of self-efficacy was later added to the model and explains that persons with
higher self-efficacy will be more likely to carry out the risk reducing action compared to
those with low self-efficacy (84). Self-efficacy can be defined as the patients” perception of
their own capability to attain and succeed at a certain level of performance (85). The HBM



was later adapted for rehabilitation of hand injuries by Groth (86) including the following
factors; perceived susceptibility for loss of hand function, perceived severity of the hand
injury, perceived efficacy of rehabilitation, perceived relationship between cost and benefits
of rehabilitation, self-efficacy, and the patient -practitioner relationship.

1.4.2 Measuring adherence

There is a lack of adherence measurements (87, 88) for home-based exercise that have been
tested for validity and reliability, which makes it hard to compare research. In a few
diagnoses there are validated measures, such as for low back pain (89) and dizziness (90).
The sport injury rehabilitation adherence scale (SIRAS) is valid and reliable to test adherence
during a clinical physiotherapy session after knee surgery (91, 92), and musculoskeletal
rehabilitation (93). In the hand rehabilitation context of measuring adherence, different
measures have been used. Self-reported duration and frequency of exercise which is then
compared to prescribed exercise to gain an adherence frequency (94). Attendance at therapy
sessions as number of missed appointments (95). Exercise diaries where patient fill in there
duration and frequency of exercises done during a day or week (96). Self- developed
questionnaire regarding the therapist assessment of the patients exercise performance (97).
The relevance of measuring adherence during flexor tendon rehabilitation is not only related
to exercise, but also to restrictive hand use and orthosis use. There is no validated method to
measure adherence to orthosis use and there is great inconsistency in the literature (98). One
example of method used is self-reported questionnaires (99, 100). After a rupture, researchers
have explained the behaviour that might have led to the rupture as non-adherent based on
excessive hand use compared to the recommended restriction (43, 63). Although there are
ways to assess adherence to rehabilitation after hand injuries the lack of standardisation is
problematic, and the different ways in which adherence has been measured should be
considered when interpreting results.

1.4.3 Impact of adherence

The effect of adherence should not be underestimated in health care in general as it is an
important aspect of the effectiveness of almost all interventions. The impact of adherence has
been described extensively in different health-related domains. A meta-analysis showed that
the probability for a good health outcome was three times higher in adherent patients
compered to non- adherent (101). Adherence decreased the risk of cuff tears after
arthroscopic shoulder repairs (102). Kolt found that adherence were associated with outcome
after low back pain rehabilitation (103). Research regarding the impact of adherence on
rehabilitation after hand surgery is scarce. A study of 44 mallet finger injuries found that
patients in the compliant group had 50% more cases with excellent outcome compared to
patients in the noncompliant group. Lyngcoln et al assessed three different adherence scores
(attendance, home-exercise and the SIRAS) and their association with outcome after distal
radius fractures. They concluded that adherence explained 57% of hand function scores and
52% of wrist extension (96).



The causality between adherence to flexor tendon rehabilitation and outcome has not been
established although the topic has been much discussed in research and by health care
workers, often explaining tendon rupture and poor outcome as due to non-adherence. Toker
showed that the number of therapy sessions after flexor tendon injuries correlated to range of
motion, and that increasing the number of sessions improved outcome (104). Harris et al
explored the cause of rupture in 440 patients with flexor tendon injuries in zone two and
found that about half of the ruptures had happened after non-adherent behaviour regarding
restrictive hand use (63). Su reported similar causes for ruptures (105). Gelberman compared
two groups, (low and high duration of exercise) after flexor tendon injury in zone two and
concluded that higher duration of exercises improved range of motion (57). Takai showed
that a greater frequency of exercise after tendon repair improved healing properties of the
tendon (58). This indicates that adherence to recommendations regarding sufficient duration
and frequency of exercise, and adaptive hand use, and attending therapy sessions is beneficial
for the outcome after flexor tendon repair.

1.4.4 Improving adherence.

Research with the aim of improving adherence has used a complete health behaviour theory,
ingredients of health behaviour theory or interventions unrelated to theory, such as different
ways to give information. Regardless of approach, research in this field is not unproblematic
since there has been a lack of a uniform definition of the interventions used in behaviour
change interventions (106). With the aim of improving this and providing a standardised way
to describe interventions for behaviour change, Susan Michie et al, developed a taxonomy in
2013 describing 93 components of behaviour change techniques (107).

A systematic review of interventions to improve adherence in upper limb conditions found
evidence that self-efficacy improves adherence in chronic conditions (108). A systematic
review of splint wear in acute upper limb conditions found a positive correlation to adherence
in patients with perception of a positive effect of the splint (109). A total of 67% of patients
have been reported to remove their protective splint during tendon rehabilitation which
correspond to a non-adherent behaviour regarding protective splint use (100). Savas (99)
reported the same, 67% of patients were non-adherent or partially adherent to splint use after
extensor or flexor tendon injury. In most cases, the reasons why a patient removes the splint
Is to manage hygiene and activities of daily living (ADL) (100). Patients are also more likely
to remove the splint if they feel that it is too complex compared to their perception of the
injury (110) or if they have depressive symptoms (99). Suggestions on how to improve
adherence to splint wear are to make the patients more informed about their injury and
treatment (110), include information about how to handle ADL (111), and identify depression
symptoms early (99).

The role of smartphone application in hand therapy interventions have been discussed (112,
113). The technical possibilities in smartphone applications have several potential advantages
in terms of increasing rehabilitation adherence. Smartphone applications can provide exercise
feedback based on performance and data collected from till patient. There is some promising
research regarding the ability to increase adherence in rehabilitation after acute hand injuries
(114), but there is no smartphone application for flexor tendon rehabilitation known for the
author.



In general, research regarding adherence in upper limb conditions is scarce and more research
is needed regarding how to improve adherence after flexor tendon repair. In physiotherapy,
strong evidence has been found that intention to engage, self-efficacy, self-motivation, social
support and previous adherence can predict adherence to home-based physiotherapy (115).
Barriers for adherence in patients with musculoskeletal disorders include low levels of
physical activity, low self-efficacy, psychological conditions such as depression and anxiety,
and, low social support (116). Potential ways to improve adherence for prescribed self-
management strategies in physiotherapy are written exercise instructions, a behaviour
exercise programme with a booster session and goal setting, as well as activity monitoring
and feedback (117).

1.5 OUTCOME OF FLEXOR TENDON REPAIR AND REHABILITATION

There is no consensus on the core outcome set after flexor tendon repair, although
suggestions have been made (118). In the past, there has been an emphasis on clinical
assessment of ROM and strength. The ROM is often classified into a categorical scoring
systems when reporting of results. For the patient, their perceived disability after a flexor
tendon repair may be of more importance than clinical assessments. Patient reported outcome
measures (PROMS) are often collected via questionnaires where the patients can answer
without involvement of the health care. Although PROMs are an important part of the
outcome, the use of them is low in comparison to the classification of ROM (119, 120).

1.5.1 Clinical outcome.

The most frequently used clinical outcome after flexor tendon injuries is ROM in the injured
finger (119, 120). Outcome in terms of ROM can be reported separately for flexion and
extension in each finger joint (121) or as a total (62), combining several joints into total
active motion (TAM). There has been discussions on how to evaluate and report outcome
after flexor tendon repair (122). However, there is still no consensus. TAM is frequently
classified into ordinal categories of poor, fair, good or excellent based on classification
systems. There are several classification systems in use; the original Strickland (27), adjusted
Strickland, Buck-Gramcko (123), the Louisville (124), The American society for hand
surgery (ASSH) also known as the TAM system (122), The International Federation of
Societies for Surgery of the Hand (IFSSH) (125) and the Tang criteria (55). These
classification systems may show different results in terms of poor, fair, good and excellent
results (126-128), which makes the comparison of studies difficult.

The original Strickland classifications are widely used (35, 129) and are together with the
Buck-Gramcko and ASSH classification considered to be the most commonly used (119)
(36). The Original Strickland classification includes the TAM for PIP-joint (active flexion
minus — active extension) and DIP-joint (active flexion minus — active extension) which is
then divided by 175 to give a percentage score (Table). The Buck-Gramcko system can be
considered more complex for clinical use as it includes a score of extension deficit, distance
finger to crease and TAM. The ASSH criteria compares the TAM of the injured finger before
and after surgery or to the same finger on the uninjured hand to give a percentage of normal.
There are reports of between 69 — 90% of patients having good or excellent results (129)
according to the original Strickland classification. The assessment time after a repair can
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differ between studies from six weeks to several years (35). Probably it affects the percentage
of patients that is reported in different categories as the ROM has been reported to increase up
to two years after repair in some patients (16). To classify the TAM into a rating scale has
received some criticism because the classification has not been validated, and by converting a
continuous variable into a ordinal one you probably loose information (130).

Table 1. The Original Strickland classification

Score % of 175
Poor <50
Fair 50-69
Good 70-84
Excellent 85-100

A strength measurement is reported to be used in 20% of the research as a clinical outcome
measure after flexor tendon repair (119). One of the most used methods for strength
assessment is grip strength using a Jamar dynamometer. The testing procedure is reliable for
flexor tendon injuries (131) and standardised to be done with the elbow at 90 degrees of
flexion, the wrist in a neutral position, and using the Jamar handle at the second position
(132). During the first six months, patients recovered 81-89% of the strength of the normal
side (133, 134). A less frequently used strength measure after flexor tendon repair is pinch
strength. Su et al, reported pinch strength of 78-81% of the normal side at six months after
repair (105). Other clinical assessments after flexor tendon repair have also been used such
as, sensory assessment (127, 135), measures of swelling (134), and functional tests (136), but
these are uncommon.

Picture 3. A patient classified as poor according to the Original Strickland classification at 12
months follow-up post repair of a FDP and FDS injury in the index finger.
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1.5.2 Patient-reported outcome.

A wide variation of PROMs have been used after flexor tendon repair (119). To date there are
no validated measures of PROMs specifically for flexor tendon repairs (137). A systematic
review of outcomes linked to the International Classification of Functioning (ICF) showed
limited reports of outcome in the domain of activity and participation (138).

The Disability of the Arm, Shoulder, and Hand (DASH) questionnaire is most frequently
used when reporting PROMs after flexor tendon injuries in the literature (119, 120). It is also
the PROM that is most clinically used by therapists (139). The DASH questionnaire
constitutes of 30 items regarding the patient’s disability and symptoms. The answers are the
calculated to a total score between zero (no disability) and 100 (severe disability). The DASH
questionnaire could be regarded as too unspecific for flexor tendon injuries because it was
developed to evaluate disability in the whole upper extremity. Nevertheless, DASH has been
validated, and tested for reliability and responsiveness in a traumatic hand population (140).
Scores have been shown to moderately correlate to perceived finger function after flexor
tendon repair (127). There is a shorter version of the questionnaire, the Quick-DASH which
contains 11 items (141) and has similar psychometric properties as the DASH (142). The
DASH and Quick-DASH scores after flexor tendon injuries are probably affected by
assessment time, location, age and type of injury. Mean DASH scores between five and eight
have been reported two years after flexor tendon repair in zone 1-5 (127, 128, 143). Starnes
reported DASH scores of 12 and 16 depending on the type of injury (67). These scores are
still all below or within the mean values of 13 in a healthy population (144). Minimal
clinically important differences (MCID) have not been reported for flexor tendon injuries but
have been reported to be 6.8 in a non-shoulder population (145) and 10.8 for DASH in an
upper limb population (146). Although most research reports DASH values within or below
the normal population there are reports of higher values. Kitsis reported a mean DASH score
of 29.6 in patients treated with early active motion and 41.7 in patient treated with passive
motion at 12 weeks after tendon repair (133).

Another PROM that has been suggested for use after finger injuries is the Michigan Hand
Outcome Questionnaire (MHQ) (118). The MHQ has been used after flexor tendon injuries
but not frequently (147), and the same goes for ABILHAND (136). Compared to the DASH
the MHQ has some potential benefits. It differentiates the answers between hands, and it
includes more activities that represent finger function.

Pain after flexor tendon repair is not frequently reported in the literature and is often
described as a minor problem. In a study by Su et al (105), patients reported a mean of 0.5 on
a numeric rating scale (0-100) 12 weeks after repair. Koehler reported no pain at a mean 34
months after repair on the Visual Analog Scale (143). Scar sensitivity and sensitivity to cold
were reported in 32% and 47% of patients in a study by Riaz (148). The sensitivity is
probably related to a concomitant digital nerve injury which is common (15). Although this
relation, a flexor tendon injury has been shown to increase cold sensitivity symptoms after
digital nerve injury (149).
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The Swedish national health care registry for hand surgery (HAKIR) was developed in 2010
and collect PROMs at three time points (150). Before surgery, at three months and at 12
months after surgery. The PROM questionnaire consists of eight questions on symptoms
(HQ-8) on an 11-point Likert scale ranging from zero (no-problems) to 100 (worst problems
imaginable), and the Quick-DASH. The HQ-8 have been tested for validity (151). HAKIR
enables a unique possibility to assess PROMs after surgery and it has been used after nerve
disorders (149), trapeziectomy (152) and phalangeal fracturs (153) but not after flexor tendon
repair.

Using PROMs has several advantages. They can help therapists understand the patient’s
situation and thereby promote a more client-centred practice. They have been shown to
correspond to the length of sick leave after radius fracture (154), and they are better
predictors of sick leave than clinical outcome (155). PROMs also correlate better with
satisfaction with results after surgery (156). There is a need for better understanding of
PROMs after flexor tendon repair and of their relation to the classification systems used.
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2 RESEARCH AIMS

The overall aim of this thesis was to improve and explore rehabilitation adherence and
outcome, including a smartphone intervention and patients” perspectives, and to explore
complications after flexor tendon repair and rehabilitation.

The aims of the specific papers were:

1. To explore a new and specifically designed smartphone application for flexor tendon
rehabilitation and the effect on adherence to home-based exercise, self-efficacy and
finger range of motion.

2. To explore patients™ experience of flexor tendon rehabilitation in relation to adherence
and the outcome of rehabilitation

3. To identify factors affecting the frequency of reoperations due to tendon rupture or
adhesions, in a large cohort of patients operated with flexor tendon repair in zones one
and two.

4. To examine the relationship between patient-reported outcomes, Strickland
classification and satisfaction with treatment in patients after flexor tendon repair in
zones one and two.

17






3 MATERIALS AND METHODS

POPULATION.

All papers included data on patients operated with a complete flexor tendon injury in zone
one and two (Table 2). The specific inclusion criteria were patient rehabilitated with early
active motion protocol (papers 1 and 2), patients fluent in Swedish (papers 1 and 2), patients
owning a smartphone (paper 1). Exclusion criteria were concomitant fractures and extensor
tendon injuries for all papers. Specific exclusion criteria were injury to the FPL tendon
(papers 1 and 4), patients aged under 18 years (papers 1 and 2), patients aged under 16 (paper
4).

Table 2. Overview of paper 1-4.

Paper 1 Paper 2 Paper 3 Paper 4
. - Retrospective Retrospective
Study design RCT Qualitative cohort cohort
Inclusion time 2017-20109. 2018-2019 2010-2019 2010-2020
Follow-up post repair 3 months 3 months >12 months 3 and 12 months
Number of patients 101 17 1372 215 and 150
Patient identification - -
method Clinical Clinical HAKIR HAKIR
Strickland
Adnerence HAKIR and SCB classification,
(SIRAS, self . . .
. - Transcribed data. Reoperations  HQ-8, Quick-
Data collection assessed), active . .
interviews due to rupture or DASH.
ROM and self- : . : .
efficacy (AISEQ) tenolysis Satisfaction with
results
Ordinal and
. Chi-square, t-test.  Directed content Logistic Multinominal
Data analysis method ; - . .
Mixed model analysis regression logistic
regression

3.1 PAPER1

This was a randomised controlled trial. Patients were recruited from four specialised hand
surgery units in Sweden (Stockholm, Uppsala, Orebro, and Malma) starting in March 2017,
with the last follow-up in May 2019.

Patients were randomised to control or intervention groups during their first appointment with
a physiotherapist in the first week after flexor tendon repair.
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Both groups received standard hand rehabilitation for flexor tendon repair which was initiated
within the first seven days by a physiotherapist. Besides of the standard protocol the
intervention group also received a smartphone application called “Bojsenskada” (flexor
tendon injury). The application included a video on the exercises, push-notifications for
exercises that were set at the prescribed exercise intensity, an exercise diary in a calendar
view, questions and answers, written information about the surgery, anatomy, rehabilitation,
restrictions on how to use the injured hand. The participants were then recommended to use
the application as they wanted.

Bojsenskada

L 8

= dep

i Ao

Picture 4. A patient using the smartphone application during rehabilitation.

The main outcome measure was adherence, measured with the SIRAS (91, 92) and ROM.
The SIRAS score ranges from three to 15 (15 indicating maximum adherence). Secondary
outcome measures were Athletic Injury Self-Efficacy Questionnaire (AISEQ) (157) and self-
reported adherence in the domains of frequency, duration, and quality (158, 159). The AISEQ
contains 10 questions which are summarised into a score ranging from zero to 100 (100
indicating complete self-efficacy). Self-reported adherence in the domain of frequency and
duration were calculated by dividing reported exercises by recommended to attain a
percentage score. Self-reported exercise qualities were assessed with one question were the
patient stated in what percentage of time they experienced good exercise quality. Participants
were assessed at baseline (AISEQ), and two, six (SIRAS and AISEQ), and 12 weeks (ROM)
after repair by a physiotherapist during the regular appointments.

3.2 PAPER?2

Participants were recruited from three specialised hand surgery units in Sweden (Stockholm,
Malmd and Linkoping). The invitation to participate was based on a relevance sampling
strategy striving for a variation in experience. This variation was partly done by a variation in
rehabilitation outcome, age, sex and type of injury.
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Interviews were conducted between the 74th and 111th day after surgery (median 94 days).
Collection of data started in 2018 and ended in 2019 when it was perceived that data
saturation has been achieved, in that information appeared redundant (160). Interviews were
conducted by telephone using a semi-structured interview guide with open-ended questions
influenced by the modified HBM (86). Probing questions were asked in relation to the aim of
the study. All interviews were audio-recorded and then transcribed verbatim. To get an
unbiased description of the participants” experiences, the author of this thesis presented
himself as a researcher instead of a physiotherapist, and there was no previous clinical contact
between the participants and the interviewer.

3.3 PAPERS 3AND 4

Data from HAKIR (150) were assessed retrospectively for papers 3 and 4. Data from patients
operated with a complete flexor tendon injury in zone one and two were assessed, between
2010-10-31 and 2018-12-31 for paper 3, and between 2010-10-31 and 2019-12-31 for paper
4. Patients in paper 3 were followed from repair to 2019-12-31 to assess reoperation due to
rupture or adhesions. In paper 3 we also collected data on income and level of education from
Statistical Sweden (SCB). In paper 4 we included patients with complete data at three and 12
months after repair regarding ROM and PROMSs. The PROM s included the HQ-8 (151)
(Figure 1), Quick-DASH, and perceived satisfaction with results. Satisfaction with results
was rated on an 11-point Likert scale ranging from zero (completely satisfied) to 100
(completely dissatisfied).
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HAKIR

A D BRI T
LR

Date of birth (social security no) :'1_-'.--.',.1'|'||:I|J-I||'|'r-;-:| I I " I " I I |_| I ” I |

| Patient questionnaire HQ-8 (arm/hand) |

Date v (-0
I amn (please indicate vour writing hand): [0 Left handed O Right handed O Ambidextrous
Arm/hand that was operated on: O Left O Right

This gqueshonnaire reparts on problems thal you have had this past week in the hand/arm thal was
operated on. Please tick the alternative that best coresponds o any of your protéems.

1. Pain on load

0 10 20 30 40 S0 60 TFO  BO 90 100 Worst problems
Nopoblems O 0 O O O O O O O O O imaginabla

2. Pain on motion without load

10 20 30 40

0 60 7O BO 90 100 Worst problems
OO0OoOooao

Mo problems

os
O
O
O
O
O

imaginable
3. Pain at rest
0 10 20 a0 40 S0 @80 T OBD B0 100 Warst probdams
NepetEms ;gD O OO OO O O O O imaginatle
4. Stiffness
0 10 20 30 40 50 80 70 BO 90 100 Warsl problems
heprcblem= ) O O O O O O O O O O imaginable
5. Weakness
0 10 20 30 40 S0 B0 T O BOD 90 100 Warsl protlems
bepctlems O O O O O O O O O O O imaginable
6. Numbness / tingling in fingers
N bl i 0 10 20 30 40 50 =1 o B0 ab 100 Wars! problems
ppebEmE OO O O O O OO0 OO imaginatle

7. Cold Sensitivity (discomfort on exposure to cold)

i} 10 20 30 40 50 B0 FO  BO 90 100 Waorst problems
Mopoblems [ O O O O O O O O O O

imaginable

8. Ability to perform daily activities
a 10 20 30 40 S50 &0 YO BD 90 100 Waoret problems
Moprblems M O DO O OO OO OO imaginable

Figure 1. The HQ-8 questionnaire.

3.4 STATISTICS AND DATA ANALYSIS

Data analysis was conducted using the SPSS statistical software version 26-28 (IBM) for
paper 1,3 and 4. Excel (Microsoft Office) for paper 2.

In paper 1, group demographics were tested with a chi-square test and an independent sample
t-test. To test the effect of the intervention and time a mixed model test with an unstructured
covariance structure was used. The level of significance was set to p<0.005.

Data was analysed using directed content analysis in paper 2 (161). A categorisation matrix
based on the HBM was created with an additional category labelled “other” to have openness
in the process. Meaning units related to the aim or the categorisation matrix were identified in
the text and then subtracted to codes. Subcategories and generic categories were created by
grouping codes based on their meaning, similarities and differences. The link between
categories were based on a constant comparing technique.
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In paper 3, logistic regression was used to examine the associations between the selected
variables and the outcomes of reoperation due to adhesions or rupture. The selected
variables were sex, age, income, level of education, injured finger/tendon/hand/nerve, time
to surgery, type of core suture material, technique, strand number and thickness. The
logistic regression was conducted in steps, first as an unadjusted association of each
variable. Secondly, by using multivariable models to examine the adjusted associations
(model 1). Last, by using a multivariable models with only significant variables p < 0.05
from the unadjusted model and model 1 (model 2). After adding significant variables to
model 2, variables with missing values >10% and p-value >0.05 were removed. The
presence of interaction was tested with variables from model 2. The Wald test was used to
test the significance of each association and interaction at a level of p<0.05.

In the last paper, data was analysed by using ordinal regression to assess the association
between all PROM and PREM values and the Strickland Original classification. Then, we
assessed the association with each Strickland level using multinominal logistic regression in
variables with p<0.05.

3.5 ETHICS

All papers in the thesis had ethical approval from the local ethics committee at Karolinska
Institute and were performed according to the Helsinki declaration. In papers 1 and 2,
informed consent was collected from all participants. In papers 3 and 4, informed consent
was not mandatory.
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4 RESULTS

4.1 A SMARTPHONE APPLICATION TO IMPROVE ADHERENCE

A total of 367 patients were assessed for eligibility and 101 participants were randomised to
either a control or an intervention group. Figure shows the participants at different follow-up

times of the study.

Assessed for eligibility (n=367 )

Enrollment ]

Excluded (n=266)

+ Mot meeting inclusion criteria (n=90)

Administrative reasons (n=78)
+ Concomitant fracture (n=13)

+ Flexor pollicis longus injury (n=58)

+ Declined to participate (n=27)
+ Extensor tendon injury {n=0)

Randomized (n=101)

Allocated to intervention (n=52 )

+ Received allocated intervention
(n=52)

+ Did not receive allocated
intervention (n=0)

¥

Analysed (n=46)

Lost to follow-up (n=1 tendon
rupture. n=1 infection, n=4
Resigned) (n=6)

Discontinued intervention (n=0)

|

Analysed (n=39)
+ Excluded from analysis (n=12

resigned, n=1 tendon rupture
from week 2)

Allocation

Outcome measure:
AISEQ
ey

Two-week

follow-up

Dutcome measure:
AISEQ, SIRAS, Self-
reported adherence

R

Six-week follow-
up

Outcome measure:
AISEQ, SIRAS, Self-
reported adherence

-

12-week follow-

Allocated to control (n=49)

+ Received allocated intervention
{n=49}

» Did not receive allocated
intervention (n=0)

Analysed (n=45)
Lost to follow-up (n=4 Resigned)

Discontinued intervention (n=0)

r

Analysed (n= 43)
+ Excluded from analysis (n=5
resigned, n=1 tendon rupture)

Analysed (n= 39)

+ Excluded from analysis (n=11
resigned, n=2 tendon rupture, 1
from week 2)

up
Dutcome measure:
Total active motion

b

Analysed (n=37)
+ Excluded from analysis [ n=10

resigned, n=2 tendon rupture, 1
from week 6)

Figure 2. The CONSORT flow chart of the study.
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A total of 52 patients were randomised to an intervention group and 49 to a control group.
There was no significant difference in the demographics between the groups at baseline.

Table 3. Demographics of the participants in the
intervention and control groups.

Demographic Intervention group (n=52) Control group (n=49) P value
Age (mean £ SD) 38.8+13.4 36.2+12.1 0.283
Sex (women/men) 21/31 (40/60%) 14/35 (29/71%) 0.212
Injured hand (Right/left) 24/28 (46/54%) 25/24 (51/49% 0.553
Injured digits, n 60 53 0.292
Index 24 (40%) 12 (23%)
Middle 10 (17%) 6 (11.5%)
Ring 9 (15%) 7 (13.5%)
Small 17 (28%) 28 (52%)
Injured tendons, n 81 83 0.661
FDP 31 (56%) 29 (52%)
FDP + partial FDS 6 (10%) 8 (14%)
FDP + FDS 19 (34%) 19 (34%)
Injured digital nerves, n 30 22 0.444
None 36 (60%) 34 (64%)
Unilateral 18 (30%) 16 (30%)
Bilateral 6 (10%) 3(6%)

Data is presented as mean(m), standard deviation (SD), number of participants (n) and proportion (%).
FDP: Flexor digitorum profundus. FDS: Flexor digitorum superficialis. Six participants in the
intervention group and four participants in the control group had an injury to more than one finger

We found no overall difference in ROM, SIRAS, AISEQ or self-reported adherence between
the groups. We tested the difference in any outcome measure at any follow-time between the
groups. The only difference we found was in self-reported adherence for exercise frequency
at the six-week follow-up. The intervention group had a higher mean score of 93.2 (Cl 95%
86.9-99.5) compared to the control group, who had 82.9 (Cl 95% 76.9-88.8) (p=0.02) (Table
2).

We found a significant overall effect of time, independent of group, for self-reported
adherence for exercise frequency (p=0.007) and AISEQ (p=0.008). The values at two weeks
were higher compared to six weeks and baseline. We found no effect of time in any other
outcome measure.
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Table 4. Scores on all outcome measures at different time points for the intervention and

control groups.

Outcome variable Follow-up Intervention group Control group p-value
Mean (95% CI) Mean (95% CI)

ROM* baseline
2 week
6 week
12 week 95 (83-108) 108 (94-123) 0.180

SIRAS baseline
2 week 12.5(11.8-13.3) 13.3(12.6-14.0) 0.155
6 week 11.8 (11.0-12.8) 12.8 (12.0-13.7) 0.123
12 week

SR adherence for baseline

exercise frequency 2 week 94.3 (90.7-98.0) 94.6 (90.8-98.3) 0.933
6 week 93.2 (86.9-99.5) 82.9 (76.9-88.8) 0.020
12 week

SR adherence for baseline

exercise duration 2 week 94.9 (90.6-99.3) 93.3+16 (88.9-97.6) 0.586
6 week 93.8 (89.1-98.5) 92.6 (88.2-97.0) 0.721
12 week

SR adherence for baseline

exercise quality 2 week 86.7 (83.3-90.1) 87.1 (83.8-90.5) 0.866
6 week 87.6 (83.4-91.9) 82.5 (78.4-86.7) 0.092
12 week

AISEQ baseline 91.5 (88.8-94.2) 90.5 (87.6-93.7) 0.994
2 week 92.8 (90.7-94.9) 92.9 (90.2-95.6) 0.614
6 week 91.5 (89.3-93.8) 90.4 (87.4-93.5) 0.600
12 week

ROM: range of motion in the proximal interphalangeal and distal interphalangeal joint. SR: Self-reported.
SIRAS: Sport Injury Rehabilitation Adherence Scale. AISEQ: Athletic Injury Self-Efficacy
Questionnaire. *ROM outcomes assessed only at 12weeks.

4.2 PATIENT EXPERIENCE OF FLEXOR TENDON REHABILITATION IN
RELATION TO ADHERENCE

A total of 17 participants were interviewed. The age of the participants was between 26 and
58. Five of the participants were women. About half of the participants had injuries to the
dominant hand, four had FDP injuries, five had injuries to the FPL, and eight had injuries to
both the FDP and FDS. A total of six participants experienced tendon rupture. The other
participants had a variation in the ROM outcome according to the Original Strickland
classification. The result of the analysis is presented in six categories as shown in the figure
below.
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Figure 3. An overview of the results of the six main categories.

The category perceived susceptibility of loss of hand function, included the thoughts and
feelings about future ability to perform activities and the relation to adherence. There were
expressions of fear and uncertainty about the hand function in the future, a fear of making the
injury worse. This perception affected their exercise and made them avoid excessive hand
use. The personal impact of the injury was contextualised in terms of how activities important
to the patient were affected. This gave them motivation to do the exercises.

The perceived severity of the injury was different among the participants, and it could also
change during the rehabilitation. In the case of an experience of a rupture or poor ROM,
participants could perceive the injury as more severe in retrospect. They also described a lack
of understanding of the fragility of the tendon, which may have led to the behaviour causing
the rupture. In contrast, others experienced the seriousness of the injury from the start. The
cast increased the sense of being injured which could lead to caution in exercise and
activities.

The perceived relationship between costs, benefits and efficacy of rehabilitation affected
adherence. To see the benefits of doing the exercises was a driver of motivation but it was
hard for the participants to notice the results. Others believed in the benefits of the exercises.
This could be based on experience and knowledge. Some felt no usefulness of doing the
exercises, which could be regretted later. A better understanding of the aim of each exercise
and what could be anticipated would have helped. Participants also said that it was
insignificant to do the exercises exactly as they were shown, and that everyday hand use
replaced doing the exercises. One important cost of adhering to rehabilitation was the
struggle to manage everyday life with the restrictions and the cast on the injured hand, which
they felt was frustrating. This led to the view that it was inevitable not to use the injured hand
in some way. Developing strategies was one way to manage this. Pain was a common
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occurrence in the rehabilitation, which contributed to modification of the exercises and
avoidance of hand use. The exercises were perceived to consume time and energy. Available
time during the day dictated how many exercises were done. The time were managed by
developing strategies, setting a clock as an exercise reminder, and making exercise a daily
habit.

Participants” view of their own ability to succeed with the rehabilitation recommendations
(perceived self-efficacy) were multifaceted. Some of the participants described themselves as
optimistic, and able to manage. In contrast, some perceived a lack of control at the beginning.
Experience of previous injury, exercise and competition in sports was an advantage and
increased their self-efficacy.

The relationship between the patient and the practitioner, occupational therapist and
physiotherapist influenced adherence. The relationship was perceived as good in general. It
increased exercise motivation and was comforting as answer to raised questions were
addressed. Despite this, there were reports that the instructions were too complicated and hard
to take in. Instructions were also described as not personalised enough. Some participants
also addressed the impact of time off from work. A longer sick leave would have been
beneficial as it could increase time for exercise and facilitate caution in activities.

The external factors outside the health care services influenced adherence. The family
situation, friends and associates facilitated understanding of the injury. They helped in the
management of everyday life and in perceiving progress. In contrast, some viewed the injury
as a burden for others, and they avoided performing their exercises in some social contexts.

29



4.3 RISK FACTORS FOR REOPERATIONS

In this paper the study sample included 1 372 patients with injury to 1 585 fingers. A total of
156 (9.8) % of the fingers were reoperated. A total of 80 (5%) fingers were reoperated due to
tendon rupture and 76 (4.8%) fingers due to tenolysis. We found that patients within the age
group of 25-50 years and older than 50 years had an increased risk of rupture compared to
patients below 25 years of age (Appendix 1). Men had an increased risk to tendon rupture, 6.1
% had reoperation due to rupture compared to 2.3 % in women. (table 5)

Table 5. Information regarding the individual variables and their adjusted associations with rupture after flexor
tendon repair in zones 1 and 2 in 1585 fingers.

Model 1 Model 2
Adjusted for all variables Adjusted for sex, age and injured tendon.

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

Women Reference Reference

Men 3.5(1.3-9.0) 0.01 2.7 (1.4-5.4) 0.004
Age

<25 Reference Reference

25-50 6.5 (1.5-28.6) 0.014 5.6 (2.4-13.2) <0.001

>50 10.7 (2.3-50.1) 0.003 5.5(1.4-5.4) <0.001
Injured tendon

FDP Reference Reference

FDP + partial 1.8 (0.6-5.4) 0.275 1.3(0.6-3.1) 0.492
FDS

FDP+FDS 3.5(1.4-8.4) 0.006 2.4(1.3-4.4) 0.005

FPL 4.6(1.1-19.9) 0.041 3.8(1.9-7.3) <0.001

OR: odds ratio. Cl: confidence interval. FDP: Flexor digitorum profundus. FDS: Flexor digitorum superficialis.
FPL.: Flexor pollicis longus.

We found an interaction between sex and age group on the risk of rupture. In the age group 25-
50 years men had an rupture rate of 8.7% compared to 0.9% in women (Table 6).
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Table 6. Interaction between sex and age on the adjusted association with rupture after flexor tendon repair in
zones 1 and 2.

Sex Age group Number of Adjusted for type of p-value
fingers (% tendon injury?

with rupture)
OR (Cl 95%)

Women <25 106 (2) Reference
25-50 232 (1) 0.5(0.1-3.3) 0.445
>50 83 (7) 3.8(0.7-19.4) 0.112
Men <25 357 (1) 0.6 (0.1-3.2) 0.528
25-50 527 (9) 4.9 (1.2-20.6) 0.030
>50 206 (7) 3.5 (0.8-15.6) 0.104

aTendon injury type categorized as, Flexor digitorum profundus, or Flexor digitorum profundus and partial or
complete Flexor digitorum superficialis, or Flexor pollicis longus. OR: odds ratio. Cl: confidence interval.

Injuries to both the FDP and FDS tendon had a greater association with both rupture and
tenolysis reoperation compared to injuries involving only the FDP tendon (table 5 and 7). The
frequency of rupture reoperations in FPL tendons was 10%, which corresponds to an OR of
4.6 compared to FDP injuries (table 5). The frequency of tenolysis reoperation increased in
each income group. The frequency was zero in the group with low-income. In the group with
middle-income the frequency was 5.4% and in the high-income group it was 8.7%. This finding
indicates that the level of income influence tenolysis reoperation although the statistical model
used indicated no association.

The variables of education, days to surgery, injured hand, injured nerves, injured finger,
number of fingers, technique, circumference, material and number of strands in the core suture
were not associated with reoperation risk.
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Table 7. Information regarding the individual variables and their adjusted associations with tenolysis after flexor

tendon repair in zone 1 and 2 in 1585 finger.

Model 1 Model 2
Adjusted for all variables Adjusted for age, income,

injured tendon, number of

fingers
Variables OR (CI 95%) p-value OR (Cl 95%) p-value
Age
<25 Reference Reference
25-50 0.3 (0.1-0.9) 0.032 1.0 (0.6-1.8) 0.965
>50 1.5 (0.6-3.9) 0.425 1.3 (0.6-2.5) 0.509
Income?
low n.a 0.996 n.a 0.994
middle 0.4 (0.4-0.9) 0.036 0.7 (0.3-1.4) 0.307
high Reference Reference
Injured tendon
FDP Reference Reference
FDP+partial FDS 0.9 (0.3-2.6) 0.848 1.2 (0.9-4.1) 0.057
FDP+FDS 1.6 (0.7-3.7) 0.277 2.7 (1.5-4.9) 0.001
FPL 0.2 (0.0-0.1.0) 0.046 0.9 (0.4-2.4) 0.877
Number of fingers
Single 9.9 (1.2-81.5) 0.033 0.8 (0.5-1.4) 0.525
Multiple Reference Reference

2low income: disposable income per consumption unit below 60 % of median income for all. Middle income:
income between low and high definition. High income: above double the median income. OR: odds ratio. ClI:
confidence interval. N.a: not applicable, due to zero observation with tenolysis. FDP: Flexor digitorum
profundus. FDS: Flexor digitorum superficialis. FPL: Flexor pollicis longus.
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4.4 PATIENT-REPORTED OUTCOME IN RELATION TO STRICKLAND
CLASSIFICATION.

A total of 215 patients were included at three months and 150 patients at 12 months follow-
up. These patients had a complete data set including repair data, PROM, ROM and
satisfaction with results. At three months we found an association with Original Strickland
and Satisfaction with results (OR 1.016 p<0.001), and the PROM,; stiffness (OR 0.977
p<0.001), ability to perform daily activities (OR 0.981 p=0.002) and Quick-DASH (OR 0.972
p<0.001). At 12 months there was an association with Satisfaction with results (OR 1.021
p<0.001), and the PROMs; Stiffness (OR 0.975 p<0.001) and Quick-DASH (OR 0.980
p=0.026).

Table 8. Patient reported outcome at different levels of Original Strickland at three and 12
months after flexor tendon repair in zones 1 and 2.

Table 2. Patient reported outcome at different levels of Original Strickland at three and twelve months after flexor tendon
repair in zone 1-2.

Strickland level Poor Fair Good Excellent
Month 3 12 3 12 3 12 3 12

n(%) 55(25.6) 26(17.3) 60(27.9) 31(20.7) 60(27.9) 33(22) 40(18.6) 60 (40)

Quick-DASH 3025)  14(29)  14(21) 11(14) 18(18) 9(18) 14(17) 9(17)
Pain at load (HQ-8) 30(30) 20(50) 25(30) 10(30)  20(20) 10(40) 20(30) 20 (45)
Pain on motion without load (HQ-8) 10(20) 0(20) 10(20) 0(20) 5(20) 0(20) 0(20) 0(20)
Pain at rest (HQ-8) 0(10) 0(200 0(10) 0(10) 0(10) 0(10) 0(10) 0(10)
Stiffness (HQ-8) 50(40) 50(40) 40(40) 50(40) 40(30) 30(30) 30(25) 20(35)
Weakness (HQ-8) 40(40) 30(30) 35(30) 30(40) 30(30) 20(40) 40(40) 30 (40)
Numbness /tingling in fingers (HQ-8) 20(40) 10(40) 5(35  10(30) 10(30) 10(35) 10(40) 10 (30)

Cold Sensitivity (discomfort on exposure
to cold) (HQ-8) 20 (70) 60 (70) 30 (60) 40 (70) 20(55) 30(65) 15(50) 30(70)

Ability to perform daily activity (HQ-8) 30(40) 15(40) 20(35) 10(20) 10(30) 20(30) 10(30) 10(30)

Satisfaction with results? 70(40) 70(30) 85(45) 70(40) 90(30) 90(30) 95(20) 90 (30)

Values in table represent median and Interquartile range in parenthesis. HQ-8: The eight-item HAKIR questionnaire.
11-point Likert scale ranging from 0-100 (0=no problems, 100= worst problems imaginable). ?11-point Likert scale
ranging from 0-100 (O=completely satisfied, 100=completely dissatisfied).
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We assessed the association between each level of the Original Strickland and the variables
with significant associations from the ordinal regression. This was done due to a violation of
proportional odds. Stiffness had an association only at three (p=0.021) and at 12 (p=0.003)
months that was between the levels of Good and Fair. The Quick-DASH only had an
association that was between the levels of Fair and Poor at three months (p=0.008).
Satisfaction had an association that was only between the level of Good and Fair at 12
months (p=0.009). We did not assess the association between the Original Strickland
classification and ability to perform daily activities. This was done because of a high
correlation (>0.70) between ability to perform daily activities and Quick-DASH.
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Figure 4. PROM values associated with the Original Strickland classification at the three-
months follow-up. Quick-DASH, 0-100 (no disability-sever disability). Stiffness, 0-100 (no
problems-worst problems imaginable). Satisfaction, 0-100 (completely dissatisfied-
completely satisfied).
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Figure 5. PROM values associated with the Original Strickland classification at the 12-
months follow-up. Quick-DASH, 0-100 (no disability-sever disability). Stiffness, 0-100 (no
problems-worst problems imaginable). Satisfaction, 0-100 (completely dissatisfied-
completely satisfied).
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5 DISCUSSION

The work of this thesis was prompted by an interest in trying to understand why some
patients have complications after flexor tendon repair, and how we could improve and
understand adherence. This understanding could facilitate future intervention and research to
reduce complications. The overall aim of this thesis was to improve and explore rehabilitation
adherence and outcome, including a smartphone intervention and patients™ perspectives, and
to explore complications after flexor tendon repair and rehabilitation.

The idea for paper 1 arose from a collaboration with the company Appinmed located in Lund.
The company specialises in the development of medical applications, and they were
interested in a collaboration regarding development of a smartphone application for flexor
tendon rehabilitation. The development process gave us both possibilities and restrictions
regarding the incorporation of features in the application to increase adherence. The main
finding in the study was that there was no difference in adherence, ROM or self-efficacy
between the groups. Although our hypothesis did not hold, this was one of the first papers
trying to increase adherence to home-based exercise after flexor tendon repair. Previous
smartphone apps that have improved adherence successfully have incorporated some
personalised features or gamification, which our app did not include. Personal feedback on
exercise performance during knee extension with a smartphone app improved errors during
exercise (162). Patients using a smartphone app that allowed communication between
patients and health care workers had higher medication adherence and higher accuracy in
insulin injections (163). Personal monitoring of registered adherence in a smartphone app,
together with other functions such as text messages improved home-based exercise in patients
with musculoskeletal conditions (164). Patients may also have different preferences and
reasons regarding the ways they receive information about rehabilitation, on paper, by video
or both (165, 166). Smartphone games that incorporated finger motion improved adherence to
exercise after metacarpal fractures compared to standard physiotherapy (114). The
smartphone application could not improve ROM compared to standard rehabilitation in our
study. This is in contrast with previous studies using a tablet application (ReHand) and a
smartphone application (CareHand) which improved functional outcome (167) and sick leave
(168). Compared to our application, ReHand and CareHand used feedback during the
exercises and a personalised progression system in their rehabilitation. One restriction during
the development of the application was that we were unable to incorporate some of these
features. In paper 2 there were participants that perceived the information as too general and
not personalised. They also highlighted that their perception of the injury and rehabilitation
changed over time. This also suggests that future smartphone apps to improve adherence
during flexor tendon rehabilitation should be personalised and should incorporate different
features in different parts of the rehabilitation.

Self-efficacy is a construct that increase adherence to rehabilitation (115, 116) and was used
in papers 1 and 2. In paper 1 we wanted to investigate whether the smartphone application
could increase self-efficacy. In paper 2 we investigated the experience of it in relation to
adherence. Self-efficacy can be increased via personal experience of mastery, observation of
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others, verbal persuasion, and emotional arousal (81, 169). We used push-notifications of
exercise as a verbal-persuasion, along with observation of others via encouragements during
the video exercises. In paper 2, experience of previous injury or exercise increased self-
efficacy, and this has also been shown in previous research on rehabilitation after athletic
injuries (158). The theory of self-efficacy states that these types of previously performance
accomplishments affect self-efficacy more strongly than verbal persuasion and observation of
others (85). In clinical practice this experience could be attained during visits to the
physiotherapist, which was done by both groups in paper 1. This may be one explanation for
why the smartphone could not increase self-efficacy.

Papers 2 and 3 were inspired by an interest in trying to understand why some patients have
complications as a result of repair and rehabilitation of flexor tendon injuries. We
hypothesised that the reasons for complications could be complex, and that adherence, along
with risk factors is of importance. Because of this, we approached the topic with two different
study designs, qualitative interviews and a retrospective cohort. In paper 2 we showed that
patients” experience in relation to adherence can be multifaceted and may change over time.
We also showed that a patient’s perception in relation to the construct of the HBM may
influence adherence to exercise and restricted hand use. Patients described that it was
unavoidable not to use their injured hand because of a feeling of frustration and the struggle
to use only one hand in daily life. This corresponds to previous research where patients have
described a frustration (50) during rehabilitation and reported removing their orthosis during
flexor tendon rehabilitation in order to use their hand in activities (47, 100). Using the injured
hand during the immobilisation period could potentially overload the repair tendon and cause
rupture. In our paper, we found that to learn to manage with only one hand and develop
strategies helped in this struggle. To support patients in this process has been highlighted
previously as beneficial to reducing the cost of adherence to restrictions in hand use (47,
111). The process of adherence to restrictions in hand use as suggested in paper 2 is affected
by a combination of perceptions about the injury and the rehabilitation. Following a rupture,
patients in paper 2 described a poor understanding of the strength of the tendon as one reason
for the rupture. Patients also described the instructions as being too general, complicated, and
hard to take in. Previous research has also shown that patients struggle to remember all
information during flexor tendon rehabilitation (170). To simplify instructions and address
patients concerns and expectations could be one way to facilitate the processing of
information (171). Patients have also highlighted the importance of participation in decision-
making and individualisation to make rehabilitation more meaningful (172). To incorporate
the patients more generally regarding their perceptions of the injury, the rehabilitation and the
support create opportunities to understand adherence in a better way.

In paper 3 age, male sex and injury to FPL or both FDP and FDS were associated with an
increased reoperation risk due to rupture. Patients” age has been shown to affect the healing
properties of the tendon, which may increase the rupture risk (173) (65). Lalchandani (174)
found that patients between 20 and 29 years and above 60 years had fewer reoperations
compared to patients between 30 and 39 years. We found a similar pattern in the male
population in our study. This suggests that the reoperation rate is not only a consequence of
healing properties associated with the age of the tendon. Reports of reoperations often include
all types of reoperations and to show an increased risk of reoperations only due to rupture you
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need to study more patients. Bruin (175) and Dy (60) also found that older age affects the
overall risk for reoperation. Dy (61), however they demonstrated in a different paper that age
did not affect the risk for reoperation due to rupture alone. We also found an interaction
between sex and age, where males in the 25-50 years age group had a rupture reoperation rate
of 8.7% compared to 0.9% in women in the same age group. There are some conflicting
results in previous research regarding whether male sex increases the risk of rupture. Harris
(63) reported a non-significant difference in rupture rates between men and women, a 6%
rupture rate in males and 4% in females. Dy (61) reported rupture repair as not dependent on
sex. One can only speculate on the underlying reasons for our results of a higher reoperation
rate due to rupture in males between 25 and 50 years. Adherence could be one of these
confounding reasons as adherence has been reported to be reduced in males after flexor
tendon injuries (100). But in contrast Ahmad (102) reported no gender difference in
adherence or rupture after tendon repair in the shoulder. The group with FPL injuries
demonstrated the highest rupture rates in our study. Previous research has reported rupture
rates of between 0 and17% in FPL injuries (176-178). Although rehabilitation with early
active motion has been shown to be safe in FPL injuries (179), the FPL and the opposable
thumb have some unique features that may be considered regarding our findings of high
rupture rate. The FPL has higher muscle activity during normal grasping activities compared
to the FDP muscle (180) and it is the primary mover of not only the IP joint but also the
MCP-joint (5). One could also argue that it is more difficult to avoid using the thumb during
everyday activities compared to other fingers. This indicates that patients with FPL injuries
may encounter challenges that should be considered during rehabilitation in order to help
patients avoid overloading their tendon.

In paper 3, injuries to both the FDS and FDP increased the risk of tenolysis and rupture
reoperation. In a study by Moriya (69), all the tenolysis performed had injuries to both
tendons and six out of seven fingers had adhesions between the FDP and FDS. In the two
studies by Rigo (62) and Edsfeldt (16) the extent of FDS injury did not affect the ROM.
Although not all patients with poor ROM choose to be reoperated with tenolysis, it can be
seen as an indicator of the level of adhesions. Level of income was not significantly
associated with tenolysis in paper 3 although the frequency increased with each income level.
The logistic regression model used does not work when the frequency is zero for an outcome
which is a disadvantage of the method. In the paper by Moriya, only 20% of patients with
poor and fair results had tenolysis which means most patients do not want reoperation despite
a low level of active ROM. Our interpretation of the results of paper 3 is that patients income
affects the patient’s willingness to undergo reoperation with tenolysis rather than reflecting
ROM. There is a great uncertainty in the literature regarding which factors influence the
decision to undergo secondary surgery with tenolysis after flexor tendon repair besides poor
ROM. As shown in paper 4, despite poor ROM, patients may perceive symptoms and
function differently. Probably both PROM and satisfaction with the result affect the decision
on reoperation, along with the patient’s financial situation.

In paper 4 we examined the association between patient-reported outcome and clinical
outcome in terms of the original Strickland classification. This was done because we wanted
to raise the question of the value of these classifications in relation to PROMSs. There are
several types of classification systems but we chose to assess the Original Strickland because
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it is the most commonly used in the literature (119). Perceived stiffness, ability to perform
daily activities, Quick-DASH and satisfaction with results were associated with the Original
Strickland. However, only between independent levels of Strickland. This is similar to
Karjalainen where PROMSs had a limited correlation to Original Strickland (127). When
interpreting our results at the final assessment patients need to recover at least 70% of ROM
to perceive themselves as satisfied and less stiff. Bain assessed the ROM in the PIP and DIP-
joint needed to perform normal daily activities (181). When translating his results into the
Strickland score it corresponded to 67% of normal ROM. It is logical to assume that the
patient needs to recover the amount of ROM need to perform daily activities to perceive a
difference in satisfaction and stiffness.

DASH is seen as the standard PROM of hand injuries and is the most frequently used PROM
after flexor tendon injuries (119). The Quick-DASH scores in paper 4 were only associated to
the Strickland classification at the three-month follow-up between patients classified as fair
and good. DASH has previously shown a modest or weak correlation to clinical assessments
of ROM, strength, and sensation after hand injuries (182, 183), and moderate correlation to
patient-reported finger function after flexor tendon repair (127). One interpretation of our
results is that patients need 50% of ROM to perform the tasks stated in the Quick-DASH
questionnaire with less difficulty at three months. At 12 months, most patients have gained
enough hand strength and adaptation in hand use to be able to perform the tasks without
major difficulties.

The low association between the Original Strickland classification and PROMSs show that
ROM classification only explains a small portion of the patient’s perceived disability after
flexor tendon repair. To better understand the disability and its underlying causes could be
helpful for therapists when prioritising their treatment of patients. If therapists emphasise the
importance of ROM and not the patient’s perception of the finger they may also miss an
important component that may affect adherence (184). This suggests the importance of taking
patients” perceptions into account, both when assessing outcome and when mediating
improvements during rehabilitation to facilitate adherence.

5.1 METHODOLOGICAL CONSIDERATIONS

The heterogeneity of methods used in this thesis entails different methodological
considerations when interpreting the results. These considerations have been made in the
different contexts of each paper.

Paper 1 had limitations which should be considered when interpreting the results. There is no
validated way or gold standard in terms of measuring adherence to rehabilitation after flexor
tendon repair (87). A device for measuring exercise has been reported (185) but we could not
use it in our study and the technicality of the device is a disadvantage for clinical use. We
tried to assess adherence to home-based exercises in different ways to capture all dimensions
of exercise. SIRAS assesses adherence during a physiotherapist session and has been tested
for validity and reliability in patients during rehabilitation of knee surgery (91, 92) and,
musculoskeletal conditions (93). To assess adherence to home-based exercise the term
“during today s appointment” was removed as suggested by Brewer (92). We tried to
minimise the impact of this by discussing the implementation of the questionnaire in the
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research context with a physiotherapist assigned to conduct the assessments. Both the change
of the questionnaire and the limited validation in an acute hand rehabilitation context may
affect validity and reliability. The self-reported adherence was assessed in a similar way as
Milne describes (158), and patients in paper 1 reported adherence rates of above 90% for
duration and frequency. Lyngcole reported adherence rates of 70% in patients undergoing
radius fracture rehabilitation (96). To measure adherence, Lyngcole used the self-reported
exercise count divided by the exercise count recommended by the therapist. This way of
measuring adherence has been shown to be more accurate because the patient may be less
accurate in reporting recommended exercise amount (94). The way we measured adherence
in paper 1 should be considered when interpreting the results, and the high adherence rate
reported by the patients may be influenced by an inaccurate reporting of the recommended
exercise amount. Nevertheless, the way we used self-reported adherence could be seen as
corresponding to intentional non-adherence, which is important and corresponds to the result
of paper 2.

Self-efficacy is not a general construct, it is related to the specific task of interest, which in
our case is home-based rehabilitation after flexor tendon repair. Because of this, the measure
of self-efficacy should also be specific to the task of interest (186). A review of self-efficacy
scales on home-based rehabilitation in musculoskeletal conditions could not find any
measures used for that specific task (187). Our solution to be able to assess self-efficacy in
paper 1 was to translate the scale we found to be most task-specific. This approach obviously
does not involve psychometric testing, which renders problems that should be considered
during the interpretation of our results. On problem may be a celling effect in the responses
which compromises the ability to detect change. In our study, 38% of participants had AISEQ
scores >95, which may indicate a ceiling effect (188).

The randomised trial has the highest scientific value when comparing treatments, however,
the sometimes-narrow inclusion criteria may decrease the generalizability of a study. In paper
1, patients were asked to participate if they owned a smartphone and were able to speak
Swedish. This means that non-Swedish speaking patients who may already have
compromised communication were excluded. Socially deprived patients have been shown to
have lower attendance to therapy sessions and lower ROM after flexor tendon repairs (189).
The best way would have been to make the smartphone application and questionnaires
available in different languages and to all patients, but the resources for paper 1 did not allow
this.

In paper 2 we used the HBM as a theoretical framework in the data collection and the
deductive analysis process. A deductive approach can be used when there is some existing
knowledge about the study phenomenon (190). The HBM is one of the most established
theories regarding health-related behaviour. Previous adherence research in the context of
upper limb rehabilitation using health theories has also used the HBM (86) and WHO's five
dimensions of adherence (109). To assess the trustworthiness of qualitative research the most
used concepts are, credibility, transferability, dependability, and confirmability according to
the paper by Guba in 1981 (191). Authenticity was later added to these concepts. These could
be seen as the validity, reliability, and objectivity aspects of qualitative research. Using a
directed content analysis approach has advantages and disadvantages. One advantage is that it
can increase credibility as it systematises the data collection and analysis process. Credibility
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concerns the plausibility of the research, if the results of the research correspond to the
participant’s view and if the analysis process corresponds to the intended focus (192, 193).
To increase credibility further we aimed to create a variation in the description of the
phenomenon via inclusion of participants with different ages, genders and outcomes (193).
The disadvantage of directed content analysis is that the researcher can be restricted and
biased by the theoretical framework in data collection and analysis (194), which affects the
research confirmability. Confirmability in the qualitative method is comparable with
objectivity or neutrality (192). We handled this by considering new categories for data not
captured by the categorisation matrix. To further show the confirmability of the paper we
reported quotes for each category along with a table to show the connection to the data (195).
Dependability concerns the consistency of the research in general and in relation to the
method used (196). In order to ensure dependability, we followed the steps in the paper by
Assarroudi (161) and made notes on meetings and decisions made during the research
process. Although the reported findings in paper 4 are related to its context, the rich
description of the outcome may enable transferability to other contexts (197). The findings
could be of value for clinicians working with patients with flexor tendon injuries or other
hand conditions with high demands on patient participation and adherence to rehabilitation
protocols. Authenticity includes the aspect that the qualitative research process can change
participants” and the researcher’s perceptions of the research phenomenon (198). To
minimise the impact of this, the interviewer presented himself as researcher, instead of a
physiotherapist with experience of treating patients after flexor tendon repair. The use of the
theoretical framework may also enhance authenticity along with the collaboration between
the authors.

Paper 3 and 4 were retrospective cohort studies based on register data from HAKIR and
Statistics Sweden. Register data and the retrospective cohort design have some disadvantages
and advantages. One advantage is that the data has already been collected. Moreover, one
could also argue that there is a lack of bias as the data has already been collected without the
specific study purpose in mind (199). Another advantage of register data in paper 4 was that it
enabled a uniform assessment of data at three and 12 months after repair. Previously
published papers on relation the between PROMs and clinical outcome have had great
variability in follow-up time (127, 182, 183). One limitation to consider is the missing data.
In paper 3 this was a concern mainly regarding data from the suture procedure and
educational level. All variables regarding the suture had between 15 and 20% missing data
and level of education had 26% (Appendix). This left model 1 in the multiple logistic
regression with only 764 complete cases. We tried to assess the effect of missing data by
comparing the frequency of the outcome and distribution within each subcategory between
the models. In paper 4, the number of patients with complete post operative data from
HAKIR was 215 at the three months follow-up, and 150 at the 12 months follow-up.
Although paper 4 had a higher number of patients compared to the similar study by
Karjalainen (127) the amount of missing data may affect the generalizability. Papers 3 and 4
used a similar cohort of patients, expect one years longer inclusion time, exclusion of FPL
injuries and patients below the age of 16 in paper 4. The distribution of injury characteristics
in both papers is similar, paper 4 had a higher number of women and a slightly higher median
age in the population.

42



The HQ-8 questionnaire used in paper 4 has previously been psychometrically tested to some
extent to a hand surgery population but not to the specific population after flexor tendon
repair. This limits some potential further interpretations of the results. To use DASH after
flexor tendon repair is not unproblematic. It was developed to assess disability in the upper
extremities, and it has not been psychometrically tested for flexor tendon injuries The score is
sometimes reported within the scores of a normal population, which could indicate a flooring
affect. The MHQ has been suggested as a better PROM to use after finger injuries (118) but it
is not frequently used after flexor tendon repair. A recent Rasch analysis has shown that the
validity of the MHQ scoring may be questioned (200), which adds further uncertainty to the
question of which PROM to use after flexor tendon injury.

Another limitation of paper 3 was that we could not assess some potential important risk
factors or confounders. Injury mechanism has been shown to affect reoperation rates (67).
Smoking is another factor that we did not assess that may affect ROM (62) and rupture risk
(65). The large amount of missing data on the rehabilitation protocol in paper 3 made us
exclude that variable. As mentioned in the introduction, the rehabilitation protocol is also a
variable to consider when assessing rupture risk and tenolysis.
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6 CONCLUSIONS

The smartphone application evaluated in paper 1 could not improve adherence, self-
efficacy or ROM. Further research is needed on interventions for improving
adherence to home-based exercise after flexor tendon repair.

Patients’ perceptions of the injury, the cost and benefits of rehabilitation, context, and
support to manage daily activities affect adherence to restrictions on hand use and
exercises during the first three months of rehabilitation. The theoretical framework of
the HBM could be considered when trying to understand adherence to flexor tendon
rehabilitation.

Several risk factors were associated with reoperation risk. Male sex, age and injury to
the FPL increased the risk of reoperation due to tendon rupture. Injury to the FDS and
FDP increased the risk for reoperation both for rupture and tenolysis. The frequency
of reoperation with tenolysis increased with income. Understanding these risk factors
provides important knowledge.

Patient-reported stiffness, ability to perform daily activities, Quick-DASH score and
perceived satisfaction had an association with the levels of the original Strickland
classification, but only between some independent levels of classification. This means
that the classification did not correspond well with the patients perception of the
outcome.
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7 CLINICAL IMPLICATIONS

Based on our research in paper 1 we could not recommend using the smartphone
application used in paper 1 in its current form for all patients to improve adherence.
However, some patients may benefit from using it as a complement to standard
rehabilitation. Improved techniqal features for personalised feedback and
communication with the therapist could be benifical in similar applications in the
future.

The results of paper 2 provide a patient-based view of the complex underlying
reasons for adherence to rehabilitation after flexor tendon repair. Several clinical
implications can be suggested. Information regarding the potential consequences of
the injury and rehabilitation should be presented in an individual way and at different
times during rehabilitation. To facilitate the patient’s perception of the small
improvement in hand function during rehabilitation is important in order to facilitate
motivation to continue with the exercises. It is also important to help patients reduce
the cost of adhering to restrictions in hand use by using individual based strategies to
cope with daily activities. The instructions could also be less complex and could
consider patients’ needs to a higher extent.

Much previous research has focused on the suture, techniques for flexor tendon repair
making them strong enough to withstand active mobilisation. The results of paper 3
show the importance of also considering the characteristics of the injury and patient
related factors when assessing complication risk. How to best mediate the higher risk
of complications identified in this thesis is an interesting question outside the scope of
our research, but clinical implications to improve adherence mentioned above could
be one way to do so.

In paper 4 we showed that classifying the outcome in terms of fair, poor, good or
excellent according to the Original Strickland system have limited value for how the
patients perceive their disability, their symptoms and the satisfaction with the results.
This understanding is helpful during rehabilitation as it could suggest different
treatment options in the future which target these areas. We also identified 70% of
normal ROM as the most important cut-off point in terms of PROMs. This suggests
that about 120 degrees of TAM in the PIP and DIP joints is important to reach during
rehabilitation.
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8 FUTURE RESEARCH

Adherence to exercise and restrictive hand use during rehabilitation is probably a key to
reducing the complications after flexor tendon repair, but still there is little known about how
to facilitate adherence. This thesis has shown that several factor can increase the risk for
complications after flexor tendon repair. A great amount of research done has focused on
surgical techniques and rehabilitation protocols, but few studies have tried to mediate the
increased risk associated with demographic- or injury-related factors. Future studies should
aim to decrease complications by focusing on these factors along with adherence. If we
understand the reasons for lack of adherence better, along with the influence of the individual
patient and their specific injury, | believe that it may allow better accuracy in future
interventions regarding rehabilitation. The technological development including the role of
smartphone applications in hand therapy has developed since the work on this thesis started
(112). Technologies such as ROM assessments through smartphones (201, 202), feedback
guide in touch screens during exercises (168) and gamification of rehabilitation (203). The
role of these developments regarding adherence to flexor tendon rehabilitation, as well as
future developments, should be assessed. After we identified a poor association between
clinical categorisation of outcome and PROMs | started to contemplate the underlying causes
of this and whether patients or injury factors could explain some of the results in PROM. It is
unclear how the location of the injury affects the perception of disability, or if patients”
perceptions of the outcome are affected by their stages in life or mood. Although the findings
of this thesis suggest that the patient’s perception of their injury may affect adherence there is
still room for future research assessing this role.
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11 APPENDICES

Supplementary table 1. Demographic of variables of patients and injury in the study cohort. Rate of
rupture and tenolysis within each variable. (PAPER 3)

Total number of

Variable patients (% of Total number of Rupture rate (% Tenolysis rate (%
cohort) fingers (% of cohort)  fingers in variable) fingers in variable)
Sex
Women 392 (28.6) 429 (27) 10(2.3) 25 (5.8)
Men 980 (71.4) 1156 (73) 70 (6.1) 51 (4.4)
Age
<25 379 (27.6) 463 (29.2) 6 (1.3) 20 (4.3)
25-50 707 (51.5) 811 (51.2) 52 (6.4) 38 (4.7)
>50 286 (20.8) 311 (19.6) 22 (7.1) 18 (5.8)
Income?
low 195 (14.2) 223 (14.1) 13 (5.8) 0(0.0)
middle 1043 (76) 1213 (76.5) 61 (5.0) 65 (5.4)
high 104 (7.4) 115 (7.3) 4(3.5) 10 (8.7)
missing 30(2.2) 34 (2.1)
Education®
low 222 (16.2) 270 (17) 8(3.0) 13 (4.8)
middle 502 (36.6) 588 (37.1) 34 (5.8) 31(5.3)
high 294 (21.4) 324 (20) 6.2 5.6
missing 354 (25.8) 403 (25.4)

Days to surgery

<48h 853 (62.2) 1012 (63.9) 57 (5.6) 49 (4.9)

> 48h 231 (16.8) 255 (16.1) 16 (6.1) 10 (3.9)

>7 days 158 (11.5) 166 (10.5) 6(3.6) 10 (6.0)
missing 130 (9.5) 152 (9.6)

Injured hand

Left 724 (52.8) 820 (51.7) 37 (4.5) 35 (4.3)
Right 644 (46.9) 761 (48) 42 (5.5) 41 (5.4)
missing 4(0.3) 4(0.3)

Number of fingers
Single 1201 (87.5) 1201 (75.8) 67 (5.6) 53 (4.4)

Multiple 171 (12.5) 384 (24.2) 13 (3.4) 23 (6.0)
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4low income: disposable income per consumption unit below 60 % of median income for all.

Middle income: income between low and high definition. High income: above double the

median income.

b Education was defined as low: pre-high school, middle: high school, and high: post high

school.

Supplementary table 2. Demographic of variables from surgery and injury in the study
cohort. Rate of rupture and tenolysis within each variable. (PAPER 3)

Variable

Total number of
fingers (% of cohort)

Rupture rate (%
fingers in variable)

Tenolysis rate (%
fingers in variable)

Injured tendon
FDP
FDP+partial FDS
FDP+FDS
FPL

missing

Injured finger
dig1
dig 2
dig 3
dig4
dig 5

missing

Injured digital nerves
none
one
both

missing

Core suture technique
Mod kessler
Tsuge/loop
reinsertion
Criss cross
other

missing

620 (39)

236 (14.9)
458 (28.9)
223 (14.1)

48 (3.0)

223 (14.1)
350 (22.1)
223 (14.1)
253 (16)

534 (33.7)

3(0.1)

970 (61.2)
497 (31.4)
114 (7.2)

4(0.3)

302 (19.1)
821 (51.8)
95 (6)

55 (3.5)
53 (3.3)

259 (16.3)

17 (2.7)
9(3.8)
30 (6.6)

23(10.3)

23 (10.3)
14 (4.0)
14 (6.3)
8(3.2)

21(3.9)

49 (5.1)
27 (5.4)

4 (3.5)

22 (7.3)
44 (5.4)
4(4.2)
2(3.6)

0(0.0)

19 (3.1)
14 (6.0)
33(7.2)

10(3.1)

10(3.1)
16 (4.6)
8 (3.6)
16 (6.3)

27 (5.2)

44 (4.5)
23 (4.6)

9(7.9)

16 (5.3)
43 (5.2)
0(0.0)
0(0.0)

1(1.9)
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Core suture material

braided polyester 553 (34.9) 27 (4.9) 34 (6.2)
Non-resorbable
monofilament 156 (9.8) 10 (6.4) 4(2.6)
Resorbable monofilament 95 (6) 5(5.3) 1(1.0)
Braided polyblend 478 (30.2) 29 (6.1) 19 (4.0)
other 24 (1.5) 0(0.0) 1(4.2)
missing 279 (17.6)

Core suture number

2 221 (13.9) 15 (6.8) 7(3.2)
4 1033 (65.2) 52 (5.0) 50 (4.8)
5or6 38 (2.4) 2(5.3) 1(2.6)
missing 293 (18.5)

Core suture circumference

3-0 403 (25.4) 25 (6.2) 21(5.2)
4-0 839 (52.9) 44 (5.2) 33(3.9)
2-00r5-0 33(2) 0(0.0) 0(0.0)
missing 310 (19.6)

FDP: Flexor digitorum profundus. FDS: Flexor digitorum superficialis. FPL: Flexor pollicis
longus.

Supplementary table 3. Information regarding individual variables and their unadjusted associations
to rupture or tenolysis after flexor tendon repair in zone 1 and 2 in 1585 fingers. (PAPER 3)

Unadjusted association to

ruptur Unadjusted association to tenolysis
Variables OR (CI 95%) p-value OR (CI 95%) p-value
Sex
Women Reference Reference
Men 2.7 (1.4-5.3) 0.004 0.7 (0.5-1.2) 0.242
Age
<25 Referencef Reference
25 - 50 5.2 (2.2-12.2) <0.001 1.1(0.6-1.9) 0.763
>50 5.8 (2.3-14.5) <0.001 1.4 (0.7-2.6) 0.361
Income?
low 1.7(05-5.4) 0.4 na 0.994
mid 1.5(0.5-4.1) 0.464 0.6 0.143
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high
Education®
low
mid
high
Days to surgery
< 48h
> 48h
> 7 days
Injured hand
left
right
Injured tendon
FDP
FDP+partial FDS
FDP+FDS
FPL
Number of fingers
single
multiple
Injured finger
dig 1
dig 2
dig 3
dig 4
dig 5

Injured digital nerves

none
one

both

Core suture technique

Mod Kessler
Tsuge/loop
reinsertion
Criss cross
other

Core suture material

Reference

0.5 (0.2-1.1)

0.933 (0.5-1.6)

Reference

Reference
0.9 (0.5-1.7)
0.6 (0.3-1.5)

Reference

1.2 (0.8-1.9)

Reference
1.4 (0.6-3.2)
2.5 (1.4-4.6)
3.9(2.0-7.5)

1.7 (0.9-3.1)

Reference

3.5 (1.5-8.0)
1.3(0.5-3.1)
2.1(0.8-5.0)

Reference

1.3 (0.5-3.1)

Reference
1.1(0.7-1.7)
0.7 (0.2-1.9)

1.4 (0.8-2.4)

Reference
0.8 (0.3-2.2)
0.7 (0.2-2.8)

n.a

0.072
0.811

ref

0.739
0.288

0.359

0.416
0.003
<0.001

0.091

0.003

0.589

0.113

0.593

0.755

0.473

0.226

0.635

0.582
0.997

Reference

0.9 (0.4-1.8)
0.9 (0.5-1.7)

Reference

Reference
0.8 (0.4-1.6)
1.2 (0.6-2.5)

Reference

1.9 (0.8-2.0)

Reference
2.0 (0.9-4.0)
2.5 (1.4-4.4)
1.0 (0.4-2.5)

1.4 (0.8-2.3)

Reference

0.5 (0.2-1.2)
0.7 (0.3-1.4)
0.6 (0.2-1.3)

Reference

0.8 (0.4-1.5)

Reference
1.0(0.6-1.7)
1.8 (0.9-3.8)

1.0 (0.6-1.8)
Reference
n.a

n.a

0.3 (0.0-2.6)

0.686
0.856

0.494
0.557

0.300

0.056

0.002

0.940

0.210

0.113

0.345

0.179

0.538

0.924

0.121

0.968

0.996

0.997
0.301
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braided polyester
Non-resorbable monofilament
Resorbable monofilament
Braided polyblend
other

Core suture number

2

4

Sor6

Core suture circumference
3-0
4-0

2-0 or 5-0

0.8 (0.5-1.4)
1.1(0.5-2.2)
0.9 (0.3-2.3)

Reference

n.a

1.4 (0.8-2.5)
Reference

1.0 (0.2-4.5)

1.2 (0.7-2.0)
Reference

n.a

0.404

0.877

0.762

0.998

296

0.951

0.490

0.998

1.6 (0.9-2.8)
0.6 (0.2-1.9)
0.3 (0.0-1.9)

Reference

1.0 (0.1-8.2)

0.6 (0.3-1.4)
Reference

0.5 (0.1-3.9)

1.3 (0.8-2.4)

Reference

0.118

0.417

0.188

0.963

0.281

0.536

0.303

n.a 0.998

4low income: disposable income per consumption unit below 60 % of median income for all.
Middle income: income between low and high definition. High income: above double the

median income.

b Education was defined as low: pre-high school, middle: high school, and high: post high

school.

OR: odds ratio. CI: confidence interval. N.a: not applicable, due to zero observation with

rupture or tenolysis. FDP: Flexor digitorum profundus. FDS: Flexor digitorum superficialis.

FPL: Flexor pollicis longus.
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