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Study Design: Randomized clinical trial with parallel groups.
Introduction: Early active mobilization programs are used after zones V and VI extensor tendon repairs;
two programs used are relative motion extension (RME) orthosis and controlled active motion (CAM).
Although no comparative studies exist, use of the RME orthosis has been reported to support earlier hand
function.
Purpose of the Study: This randomized clinical trial investigated whether patients managed with an RME
program would recover hand function earlier postoperatively than those managed with a CAM program.
Methods: Forty-two participants with zones V-VI extensor tendon repairs were randomized into either a
CAM or RME program. The Sollerman Hand Function Test (SHFT) was the primary outcome measure of
hand function. Days to return to work, QuickDASH (Disabilities of Arm, Shoulder and Hand) questionnaire,
total active motion (TAM), grip strength, and patient satisfaction were the secondary measures of outcome.
Results: The RME group demonstrated better results at four weeks for the SHFT score (P ¼ .0073; 95% CI:
�10.9,�1.8), QuickDASH score (P¼ .05; 95%CI:�0.05,19.5), and TAM(P¼ .008; 95%CI:�65.4,�10.6). Days to
return to work were similar between groups (P ¼ .77; 95% CI: �28.1, 36.1). RME participants were more
satisfied with the orthosis (P < .0001; 95% CI: 3.5, 8.4). No tendon ruptures occurred.
Discussion: Participants managed using an RME program, and RME finger orthosis demonstrated
significantly better early hand function, TAM, and orthosis satisfaction than those managed by the CAM
program using a static wrist-hand-finger orthosis. This is likely due to the less restrictive design of the
RME orthosis.
Conclusions: The RME program supports safe earlier recovery of hand function and motion when
compared to a CAM program following repair of zones V and VI extensor tendons.

� 2018 Hanley & Belfus, an imprint of Elsevier Inc. All rights reserved.
Introduction

Systematic reviews on rehabilitation after extensor tendon
repair have recommended early active mobilization (EAM) pro-
grams over early passive mobilization programs.1-3 However,
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various EAM programs for extensor tendon repairs in zones V and
VI have been described1-5 with differences in the orthosis design
and prescribed exercise program. No published trials have
compared different EAM programs after tendon repair in zones V
and VI, to determine whether one provides superior outcomes. A
recent systematic review6 suggested that EAM programs after
extensor tendon repair in zones V and VI programs may be sub-
divided into “controlled active motion” (CAM)7-14 and “relative
motion extension” (RME) orthosis programs,15-18 and encouraged a
well-designed randomized clinical trial to compare the CAM and
RME programs. It has been suggested that RME programs after
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extensor tendon repair in zones V and VI support earlier functional
hand use and return to work (RTW) than other postoperative
extensor tendon rehabilitation programs.6,16-19

The authors acknowledge that the use of the acronyms CAM and
RME may be confusing due to variations in nomenclature used in
previous studies. For this study, a CAM program is defined as one
which allows activemetacarpophalangeal joint (MCPJ) extension or
hyperextension and limited active MCPJ flexion, with full inter-
phalangeal joint (IPJ) motion. Motion is controlled by the use of a
static wrist-hand-finger orthosis (WHFO), which is initiated within
the first week after surgery.7-14 The CAM program WHFO used in
this study was similar to that described by Khandwala et al (2000)9

and Hall et al (2010).8 It immobilized the wrist in 40� of extension
and blockedMCPJ flexion of all fingers to 30�, leaving the IPJs free to
mobilize (Fig. 1A). Similar orthoses that immobilized the wrist at
various angles of extension and the MCPJs at different angles of
flexion have been described10,20,21; however, these programs differ
from the CAM as they did not encourage early MCPJ active exten-
sion. An RME program in this study refers to a programwhich uses
a static finger orthosis (FO), which positions the MCPJ(s) of the
injured digit(s) in relatively more extension than the uninjured
digit MCPJ(s) and allows free motion of the IPJs.15-18,22 In this study,
the injured MCPJ(s) were positioned in 15 to 20� more extension
than the uninjured MCPJ(s); the orthosis allowed immediate CAM
of all fingers minus the 15 to 20� end-range MCPJ flexion of the
injured digits. Although some RME programs have used both an FO
and wrist orthosis,15-17 others, including this study, did not use a
wrist orthosis.17, 18 Our RME program was modeled after Hirth
et al18 and required daytime wear of the finger RME orthosis and
night wear of a resting static WHFO (Fig. 1B).

The purpose of this randomized clinical trial was to compare
functional outcomes of participants managed with a CAM program,
using a WHFO, and an RME program, using an RME orthosis, after
extensor tendon repairs in zonesV andVI. The primary questionwas
to investigate whether RME participants demonstrated an earlier
recovery of functional use and RTW than the CAM participants.
Methods

Study design, ethics, and participants

A single-center, prospective randomized clinical trial with par-
allel groups was designed to compare two equal size groups of
participants following extensor tendon repairs in zones V and VI,
Fig. 1. (A) Orthoses used by the controlled active motion (CAM) group: (i) Daytime WHFO (w
with additional interphalangeal joint extension paddle. (B) Orthoses used by the relative mo
WHFO.
one group managed with a CAM program and the other with an
RME program. Participants were recruited from Middlemore Hos-
pital in Auckland, New Zealand over a 13 month period from
February 2015 to February 2016. They were included if they were at
least 16 years old, underwent primary repairs to extensor tendon
lacerations of 50% to 100% of one to two digits in zones V and/or VI
and attended their first hand therapy appointment by seven days
postoperatively. Participants were excluded if they had sustained
multitissue injuries such as unstable fractures or concurrent flexor
tendon injuries. Approval for the study was obtained from the
Southern Health and Disability Ethics Committee (14/STH/164),
from Auckland University of Technology Ethics Committee (14/377)
and the Ko Awatea Research Office at Middlemore Hospital (1843).
The trial was registered with the Australia New Zealand Clinical
Trials Registry (ACTRN12615000043538).

Study process and hand therapy intervention

The study was explained to potential participants by their
treating therapist at their first outpatient hand therapy appoint-
ment. Following consent, participants were randomized into either
treatment group by means of a sealed envelope, using block
randomizationwith equal numbers in each group. Participantswere
treated by registered hand therapists who received prior training by
the primary investigator (PI) (S.J.F.C.) regarding studymethodology.

The primary difference between the RME and CAM programs
was the type of orthosis worn. Figure 1 and Table 1 illustrate the
details of orthoses. During the daytime, the RME group wore an
RME FO, and the CAM group wore a static WHFO with IPJs free. At
night, the RME group replaced the RME orthosis with a static
WHFO, which included the IPJs in extension, and the CAM group
added an orthosis attachment to rest the IPJs in extension. Table 2
describes the postoperative details for the RME and CAM programs
and Tables 3 and 4 compare our study’s early active motion pro-
grams to previous program descriptions for RME and CAM. In-
structions to participants differed with the RME group having no
specific exercises, whereas the CAM group had regular exercises to
performwithin the orthosis. The RME group was advised to avoid a
combined fist and wrist flexion. At four weeks, exercises were
added to the program when limitation in range of motion (ROM)
was observed in amember of the RME group. Between six and eight
weeks, instructions varied between the groups with the CAM par-
ticipants remaining on light duties, whereas RME participants
could progress from moderate-to-heavy duties provided the RME
FO was worn during these tasks.
rist-hand-finger orthosis) with interphalangeal joints free. (ii) Nighttime static WHFO
tion extension (RME) group: (i) Daytime RME static finger orthosis. (ii) Nighttime static



Table 1
Orthoses description

Time RME group CAM group

Day � RME orthosis, a strip of 3.2 mm
thermoplastic the width of the
little finger proximal phalanx

� Holds affected MCPJ in 15-20�

more extension than other
digits

� Volar WHFO static extending to
midproximal phalanx; 3.2 mm
thermoplastic

� Wrist 40� extension
� MCPJs 30� flexion
� IPJs free

Night � Volar WHFO static, 3.2 mm
thermoplastic

� Wrist 30� extension, MCPJs 30�

flexion, IPJs extended

� Same as day orthosis but add
night piece

� Night piece attaches onto volar
orthosis and maintains MCPJs
and IPJs in 0� extension

CAM ¼ controlled active motion; IPJ(s) ¼ interphalangeal joint(s);
MCPJ(s) ¼ metacarpophalangeal joint(s); RME ¼ relative motion extension;
WHFO ¼ wrist-hand-finger orthosis.

Table 2
Postoperative programs in the present study

Program
elements

RME CAM

Stage I: First hand therapy appointment week 1 until end of week 4
Orthosis Day: RME only; remove only for

hygiene
Night: Volar wrist-hand-finger
static orthosis including IPJ

Day: Volar wrist-hand-finger
static orthosis with IPJ free;
remove only for hygiene
Night: As above with additional
IPJ immobilization paddle

Exercises None 5� per day, 10 repetitions: IPJ
hook and actively extend
within orthosis, place and hold
MCPJs into hyperextension
keeping IPJs relaxed

Therapy Education on injury and
precautions, manage edema,
wound care, scar management

Education on injury and
precautions, manage edema,
wound care, scar management

Work At 10 days can return on light
duties (less than 4.5 kg)
wearing RME only orthosis

At 10 days can return on light
duties (less than 4.5 kg)
wearing orthosis

Advice Use hand for light activities
wearing daytime RME only
orthosis; less than 4.5 kg, avoid
composite wrist and finger
flexion, no driving

Use hand for light activities
wearing orthosis; less than
4.5 kg, no driving

Stage II: End of week 4 until end of week 6
Orthosis RME only orthosis off for light

activities <4.5 kg, continue
night orthosis

Orthosis off for light activities
<4.5 kg, continue night orthosis

Exercises Only if limitation of ROM
10 repetitions, 5 � per day:
Finger extension, table-top,
hook, place and hold of MCPJs
in hyperextension

10 repetitions, 5 � per day:
Finger extension, table-top,
hook, wrist tenodesis, continue
place and hold of MCPJs in
hyperextension if lag exists

Therapy Education, edema
management, scar
management, use of heat before
exercise

Education, edema
management, scar
management, use of heat before
exercise

Work Light duties (<4.5 kg) with RME
orthosis off

Light duties (<4.5 kg) with
orthosis off

If needing to do anything
heavier with this hand then do
not RTW

If needing to do anything
heavier with this hand then do
not RTW

Advice Avoid a forceful fist or forcing
the fingers down into flexion,
avoid combined wrist and
finger flexion; no driving

Avoid a forceful fist or forcing
the fingers down into flexion,
avoid combined wrist and
finger flexion; no driving

Stage III: End of week 6 until end of week 8
Orthosis RME only orthosis for heavy

tasks
Discontinue night orthosis

Orthosis at risk times only
Discontinue orthosis at night

Exercises Only if stiffness, lag, or tendon
adherence
10 repetitions, 5 � per day:
Finger extension, flat fist, full
fist, IPJ extension with MCPJs
blocked in flexion, continue
previous exercises if not yet
fully achieved, gentle passive
flexion of isolated joints

10 repetitions, 5 � per day:
Finger extension, flat fist, full
fist, continue previous exercises
if not yet fully achieved, gentle
passive flexion of isolated joints

Therapy Commence passive flexion
stretch of isolated joints if
necessary

Commence passive flexion
stretch of isolated joints if
necessary

Work Commence moderate duties
(up to 20 kg) with RME only
orthosis on

Continue with light duties only

Advice Heavy tasks (over 20 kg)
wearing RME only orthosis;
commence driving

Avoid heavy tasks; commence
driving

Stage IV: 8 weeks onward
Work Return to all heavy tasks 8-10

weeks
Return to all heavy tasks 8-10
weeks

Exercises Composite passive flexion and
strengthening if needed

Composite passive flexion and
strengthening if needed

CAM ¼ controlled active motion; IPJ ¼ interphalangeal joints; kg ¼ kilograms;
MCPJ ¼ metacarpophalangeal joints; RME ¼ relative motion extension; RTW ¼
return to work; ROM ¼ range of motion.
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Outcome measures

Outcomes were measured at four and eight weeks post-
operatively. Assessment of the primary outcome was carried out by
research assistants and the secondary outcomes by the blinded PI,
none of which participated in the therapy management of the pa-
tients. The outcomes were selected to incorporate the three do-
mains of the International Classification of Functioning, Disability
and Health model23,24 (Fig. 2).

Primary outcome: Sollerman Hand Function Test
The Sollerman Hand Function Test (SHFT) is a standardized

performance measure of hand function consisting of 20 everyday
tasks.25 (Table 5 and Fig. 3). The SHFT has been validated for use in
patient groups with traumatic upper limb injuries25-27 and the
scoring of the SHFT has been shown to have high inter-rater reli-
ability25,27-29 and intrarater reliability.27,28,30 The score for each task
of the SHFT is derived from a combination of time taken to com-
plete the task, difficulty of completion, and whether the prescribed
or alternative hand grip was used to complete the task (see
Supplementary Material).25 A score of 80 is expected for a normal
dominant hand and 77 to 80 for a normal nondominant hand, with
a higher score indicating better function.25 Timing was also
assessed as an individual variable.31

In this study, the SHFT was completed by participants in both
groups at four weeks postoperatively while wearing their desig-
nated orthosis. All participants repeated the test without their
orthosis at eight weeks, with both injured and contralateral hands.
For tendon repair precautions at four weeks, lifting the 2.7 kg cast
iron (task 6) was not done to avoid simultaneous wrist flexion and
gripping with the fingers by the participants in the RME group. This
modification of the SHFT at four weeks reduced the attainable score
from 80 to 76 points.

Secondary outcomes
The PI measured the secondary outcomes which included the

QuickDASH questionnaire, days to RTW, finger ROM, grip strength,
adherence to orthosis wear, and satisfaction. Surgical or treatment
complications and baseline demographic datawere recorded by the
PI. The managing hand therapists recorded the number of hand
therapy sessions, therapist concerns, and any modifications they
had made to the programs.

The QuickDASH is an eleven item, self-report questionnaire on
physical function and symptoms for patients with upper limb dis-
abilities.32 Possible scores range from 0 to 100, with a greater score
indicating a greater level of disability. It has been found to be valid33

and to correlate significantly with the SHFT in patients with tendon
lacerations.34 The QuickDASHmay be viewed in the Supplementary



Table 3
Present study RME program compared to previous RME programs

Program
elements

RME current study ICAM (Howell et al,
2005)16

MRMS (Hirth et al,
2011)18

Orthosis Week 1-4: Daytime:
RME finger only
orthosis; MCPJ of
injured digit in 15-
20� relative extension
to other MCPJ(s);
discontinue for light
tasks at 4 weeks,
heavy tasks until 8-10
weeks.
Week 1-6: Night:
WHFO wrist 30�

extension, MCPJ 30�

flexion, IPJs extension
until 6 weeks

Week 1-3: RME and
wrist orthosis full
time
Week 3-5: Wean
from wrist orthosis
light tasks.
Week 5-7 wean from
RME orthosis

Week 1-4: Daytime:
RME finger only
orthosis; MCPJ of
injured digit in 15-
20� relative extension
to other MCPJ(s); 4
weeks, then for heavy
tasks until 8-10
weeks
Night: WHFO wrist
30� extension, MCPJ
30� flexion, IPJs
extension until 4
weeks

Exercises Week 1-4: No specific
exercises
Week 4-6: Finger
extension, table-top,
hook, place and hold
of MCPJs in
hyperextension
Week 6-8: Finger
extension, flat fist,
full fist, isolated
passive stretch of
joints
Week 8 onward:
Composite passive
flexion stretch,
strengthening

Week 1-3: Regain full
composite finger
flexion/extension
within orthosis
Week 3-5: Progress
to combined wrist/
finger flexion and
wrist/finger
extension if no lag

Week 1-4: No specific
exercises
Week 4 onward:
Home exercise
program for joint
stiffness, tendon lag,
or scar adherence

Function Week 1-4: Light tasks
(<4.5 kg) within
orthosis, no driving;
return to light work
after 10 days if
available
Week 4-6: Light tasks
(<4.5 kg) without
orthosis on week 6-8:
Commence driving;
moderate tasks (up to
20 kg) with RME
orthosis on week 8-
10: Return to all
heavy tasks

Week 1-3: Light tasks
with RME and wrist
orthosis in situ
Week 3-5: Moderate
and heavy tasks with
RME and wrist
orthosis
Week 7: End of
program

Week 1-4: Use hand
functionally within
orthosis, avoid
simultaneous wrist
and finger flexion
Week 4-10: RME
orthosis for “heavy”
tasks

ICAM ¼ immediate controlled active motion; IPJ(s) ¼ interphalangeal joint(s);
MCPJ(s) ¼ metacarpophalangeal joint(s); MRMS ¼ modified relative motion
splinting; RME ¼ relative motion extension; WHFO ¼ wrist-hand-finger orthosis.

Table 4
Present study CAM program compared to previous CAM programs

Program
elements

CAM present study CAM (Khandwala
et al, 2000)9

CAM (Hall et al,
2010)8

Orthosis Week 1-4: Daytime
WHFO wrist 40�

extension, MCPJs 30�

flexion, IPJs free;
remove only for
hygiene; discontinue
after 4 weeks
Week 1-6: Night: As
for daytime orthosis
with additional IPJ
immobilization
paddle

Week 1-4: WHFO
wrist 30� extension,
MCPJs 45� flexion,
IPJs free, discontinue
after 4 weeks
Week 3-4: MCPJ
flexion increased to
70�

Week 1-4: WHFO:
Wrist 30� extension,
MCPJs 45� flexion,
IPJs free; discontinue
after 4 weeks
Week 3-4: MCPJ
flexion increased to
70�

Exercises Week 1-4: IPJ flexion/
extension within
orthosis; MCPJ
extension place and
hold with IPJs relaxed
Week 4-6: Finger
extension, table-top,
hook, wrist tenodesis
Week 6-8: Finger
extension, flat fist,
full fist, isolated
passive stretch of
joints
Week 8 onwards:
Composite passive
flexion stretch,
strengthening

Week 1-4: Actively
flex and extend MCPJ
and IPJ within
orthosis
Week 5: Full flexion/
extension of MCPJ
and IPJ without
orthosis
Week 6: Passive
flexion if needed

Week 1-2: MCPJ
flexion/extension
with IPJs extended;
composite active
flexion/extension in
orthosis
Week 3-4:
Commence active
hook fist
Week 5: Graded
mobilization

Function Week 1-4: Light tasks
(<4.5 kg) within
orthosis, no driving;
return to light work
after 10 days if
available
Week 4-6: Light tasks
(<4.5 kg) without
orthosis on week 6:
Commence driving
Week 8-10: Return to
all heavy tasks

Week 4: Light work
Week 6: Driving
Week 12: Heavy
work

Week 6: Light
activities of daily
living
Week 10: Return to
work as appropriate
Week 12: Heavy
manual labor

CAM ¼ controlled active motion; IPJ(s) ¼ interphalangeal joint(s);
MCPJ ¼ metacarpophalangeal joints; WHFO ¼ wrist-hand-finger orthosis.
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Material. It was administered according to the standard method35

and the optional work and sport modules were not used. RTW in
the present study was recorded as days to return in any capacity
(which included return in restricted or full capacity, whichever
came first) and days to return to full duties postoperatively.

ROM of the injured and contralateral noninjured digits(s) was
measured with a goniometer, using a standardized protocol.36,37

ROM was reported using degrees, classification of total active mo-
tion (TAM) as defined by Kleinert and Verdan38 (Table 6) andMiller’s
criteria,39 using the modification of Miller’s criteria in Table 7.16

Grip strength of both hands was measured in kilograms at eight
weeks, using a Jamar dynamometer and a standardized protocol40;
the average of three measures was calculated as a percentage of the
uninjured side.

For this study, we modified a flexor and extensor tendon injury
adherence questionnaire (see Supplementary Material) to evaluate
orthosis wear adherence at four weeks.41 We defined adherence
according to the instructions given to the participant by their
managing therapist. Instructions by the therapist during the first
four weeks of management included removing the orthosis for
hygiene or therapy/surgical appointments only; wearing the day
orthosis full-time everyday and the night orthosis each night for
the first four weeks. Participants were rated as fully adherent if they
had removed the daytime orthosis for less than an hour per day (to
allow sufficient time for hygiene or attendance at appointments),
had not used the hand while not wearing the orthosis, and had
worn the night orthosis every night.

Participant satisfaction was assessed at eight weeks by using
sections from the validated Patient Evaluation Measure (PEM) (see
SupplementaryMaterial)42-44; these sections included Hand Health
and Overall Assessment questions. We designed an additional
section (Orthosis satisfaction) to analyze satisfaction with the
orthosis. The raw scores of each section were converted to a per-
centage of satisfaction with 100% being the most satisfied.
Sample size calculation and data analysis

No previous data had been published using the SHFT as the pri-
mary outcome for patients with zones V/VI extensor tendon repairs.
Data from a recent study which had used the SHFT to evaluate pa-
tients recovering from a distal radius fracture26 were used to
calculate a coefficient of variation (13.3%). Preliminary testing of the



ENVIRONMENTAL FACTORSPERSONAL FACTORS

HEALTH CONDITION

Extensor Tendon Repair Zone 
V and/or VI

BODY FUNCTIONS AND 
STRUCTURES

Range of Mo on & Grip Strength

PARTICIPATION

QuickDASH & Return to Work

ACTIVITIES

Sollerman Hand Func on Test

UNCT

Fig. 2. ICF model applied to the present study. Modified Steiner WA, Ryser L, Huber E, Uebelhart D, Aeschlimann A, Stucki G. Use of the ICF model as a clinical problem-solving tool
in physical therapy and rehabilitation medicine. Phys. Ther. 2002; 82:1098 to 1107. ICF ¼ International Classification of Functioning, Disability and Health.
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SHFT was carried out with a group of healthy volunteers who wore
the orthoses used in each program that determined the likely dif-
ference to be 10 points between group scores. A proposed sample
size was derived using this information. With equivalent group
sizes, 90% statistical power, 5% type I error, and a derived standard
deviation of 8.5 and 7.2, respectively, for the RME andCAMgroups, it
was estimated that each group required 13 participants to detect a
10-point difference for the SHFT. Expected drop-out rate based on
previous similar studies was approximately 30%7,8,10,16,17 so that 40
participants were required for the total sample.

The mean differences between the CAM and RME groups at four
and eight weeks were assessed by using analysis of covariates,
adjusted by covariates (ANCOVA), which included gender, ethnicity,
smoking status, mechanism of injury, dominance, digit operated,
zone of injury, and dominant side operated. Differences in the
number of days to RTW between the two treatment groups were
analyzed by quantile regressions due to the skewed distribution
and adjusted for significant covariates. Adjustments were not made
for multiple comparisons. The frequency distribution of complica-
tions and categorical outcomes in both groups was compared by a
chi-square test of association or Fisher exact test.
Table 5
Sollerman Hand Function Test tasks

No. Description No. Description

1. Put key into Yale lock, turn 90� 11. Cut putty with knife and fork
2. Pick coins up from flat surface,

put into purses mounted on
wall

12. Put on Tubigrip stocking on the
other hand

3. Open and close zip 13. Write with pen
4. Pick up coins from purses 14. Fold paper, put into envelope
5. Lift wooden cubes over edge

5 cm in height
15. Put paper clip on envelope

6. Lift iron over edge 5 cm in
height

16. Lift telephone receiver, put to
ear

7. Turn screw with screwdriver 17. Turn door handle 30�

8. Pick up nuts 18. Pour water from Pure-Pak
9. Unscrew lid of jars 19. Pour water from jug
10. Do up buttons 20. Pour water from cup

From “Sollerman Hand Function Test: A Standardised Method and its Use in Tet-
raplegic Patients,” by C. Sollerman & A. Ejeskär, 1995, Scandinavian Journal of Plastic
and Reconstructive Surgery and Hand Surgery, 29(2), p. 167 to 176. Copyright 1995 by
Taylor & Francis.
Results

Recruitment and follow-up

The CONSORT flow diagram (Fig. 4) shows that over the study
period, 76 patients were assessed for eligibility. Of these, 34 pa-
tients were excluded: 10 patients declined participation and 24 did
not meet the inclusion/exclusion criteria. Of the 42 remaining, a
total of 21 participants were randomized into each of the RME and
CAM groups. By eight weeks, a total of seven participants were lost
to follow-up (RME ¼ 4; CAM ¼ 3). At eight weeks, 18 RME partic-
ipants and 19 CAM participants were assessed. Numerous unsuc-
cessful attempts were made to contact those who dropped out.
Participants who dropped out were a mean age of 22.3 years,
younger than the mean age of the remainder of the sample,
although their other demographics were similar. Review of hospital
notes for the participants who dropped out showed that none of
these participants had presented to the hospital postoperatively
with complications.
Baseline demographics

The groups were similar with regard to age, gender distribution,
and dominance, but there was a higher percentage of smokers in the
RME group (Table 8). There was a higher proportion of European and
lower proportion of Maori and Pacific Island participants in the RME
group. Most participants in both groups worked in moderate or
heavy occupations and injured their dominant hand in zone V.
Outcome measures

Results for the SHFT, QuickDASH, RTW, and modified PEM are
summarized in Table 9. Table 10 demonstrates the degrees and
classification of TAM, extension loss, and flexion deficit and grip
strength.

Sollerman Hand Function Test
There was a significant difference (adjusted P ¼ .0073; 95%

CI: �10.9, �1.8) at the four-week assessment for the SHFT score
between the RME group (mean 66; SD: 7) and the CAM group



Fig. 3. Sollerman Hand Function Test kit viewed from front and back.
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(mean 59; SD: 10), whereas at eight weeks, there was no significant
difference (adjusted P ¼ .63; 95% CI: �3.7, 2.3) between groups
(Table 9). When time was extracted from the composite results, it
was found that there was a significant difference (adjusted
P ¼ .0009; 95% CI: 52, 186) at the four-week assessment in the
number of seconds to complete the SHFT between the RME group
(mean 276; SD: 66) and the CAM group (mean 399; SD 149),
whereas at eight weeks, there was no significant difference be-
tween the groups (adjusted p ¼ .75; 95% CI: �26.3, 19.2).

Secondary outcomes
The QuickDASH score at four weeks for the RME group (mean

28.4; SD: 14.5) was significantly better (adjusted P ¼ .05; 95%
CI:�0.05,19.5) than theCAMgroup (mean40.7; SD: 18); however, at
eight weeks, there was no significant difference in scores between
groups (adjusted P ¼ .35; 95% CI: �4.3, 11.7) (Table 9). There was no
significant difference between the groups in days to RTW in any
capacity (adjusted P¼ .80; 95% CI:�28.1, 36.1) or full duties (adjusted
P¼ .59; 95% CI:�16.7, 32.7) (Table 9). Both groups returned to work
in some capacity at a median of between 2.5 and 3 weeks.

TAM at four weeks postoperatively for the RME group (mean
185.9�; SD: 48.3) was significantly greater (adjusted P ¼ .008; 95%
CI:�65.4,�10.6) than for the CAM group (mean 147.9�; SD: 41.7). At
eight weeks, a significant difference persisted, although it was less
substantial (adjusted P ¼ .030; 95% CI: �48.7, �5.8) (Table 10).
When TAM was classified (Table 6), the RME group had 12/21
(57.2%) compared to the CAM group with 2/23 (8.7%) in the good/
excellent categories, with a significance of distribution between the
groups noted (P ¼ .003); there was no difference in TAM between
groups by eight weeks postoperatively (P ¼ .78). Table 10 demon-
strates that extensor lag was not significantly different between
groups at four weeks (adjusted P ¼ .82; 95% CI: �8.3, 9.7) or eight
weeks (P ¼ .78; 95% CI: �6.1, 5.4). At four weeks, flexion deficit was
significantly less in the RME group (adjusted P ¼ .011; 95% CI: 10.3,
58.2). This trend in difference in flexion deficit continued through
to the eight week assessment with 14/19 (73.7%) of RME digits
Table 6
Classification of total active motion

TAM classification Percentage of contralateral digit TAM

Excellent Normal
Good >75%
Fair >50%
Poor <50%

From Kleinert HE, Verdan C. Report of the committee on tendon injuries. The Journal
of Hand Surgery. 1983; 8:794 to 798.
DIP¼distal interphalangeal joint;MCP¼metacarpophalangeal joint; PIP¼proximal
interphalangeal joint; TAM¼ degrees of active flexion of the MCPþ PIP þ DIP of the
affected digit minus the sum of the extensor lag of (MCP þ PIP þ DIP) of that digit.
compared to 8/23 (38.1%) of the CAM digits rated as good or
excellent. The percentage of grip strength relative to the contra-
lateral sidewas not significantly different between groups (adjusted
P ¼ .47; 95% CI: �24.3, 6.2) (Table 10).

Although not statistically significant, complete adherence to
orthosis wear was less in the RME orthosis group (25%) compared
to the CAM group (45%). The most common reason participants
were deemed nonadherent was use of the injured hand for activ-
ities while not wearing the orthosis. Three participants in each
group (15%) reported removing their orthosis formore than an hour
per day. RME participants most commonly removed their orthoses
for self-care tasks, whereas CAM participants most commonly
removed their orthoses due to an inability to do their job, embar-
rassment, inability to use their hand, discomfort, or to look at their
hand (see Supplementary Material for details). Table 9 illustrates
the modified PEM patient satisfaction survey including mean
scores for hand health, orthosis satisfaction, and overall assess-
ment. No differences were found between RME and CAM groups for
hand health or overall assessment; however, satisfaction with the
orthosis at eight weeks was significantly better in the RME group
(p < .0001; 95% CI: �46.5, �19.5).

The mean number of hand therapy appointments attended by
the participants in the CAM group was 6.3 (SD: 3) and the RME
group was 5.6 (SD: 4.4). The mean number of weeks in hand
therapy was 8.8 weeks (SD: 4.7) for the CAM group and 9.5 weeks
(SD: 8.2) for the RME group.

Complications
No tendon ruptures occurred in either group. Although not

statistically significant (P ¼ .23), there were no complications in the
CAM group and three reported complications in the RME group. In
the RME group, one participant underwent tenolysis surgery at
seven months postoperatively to maximize ROM. His finger had
good ROM with 75� active and 80� passive MCPJ flexion before the
tenolysis, but he felt that the MCPJ was tight. He was happy with
the improvement after the tenolysis and discharged at two weeks
after surgery. One participant had a subcutaneous suture that
Table 7
Miller’s criteria for extensor lag or flexion deficit

Miller’s criteria Excellent Good Fair Poor

Active extension lag None 5-10� 11-45� >45�

Terminal flexion deficit None <20� 21-45� >45�

From Howell JW, Merritt WH, Robinson SJ. Immediate controlled active motion
following zone 4 to 7 extensor tendon repair. Journal of Hand Therapy. 2005; 18:182
to 189. (Modified from Miller H. Repair of Severed Tendons of the Hand and Wrist:
Statistical Analysis of 300 Cases. Surgery, Gynecology and Obstetrics. 1942; 75:693-
698).
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became infected, requiring surgical excision at four months post-
operatively with no further problems after this. A third participant
developed irritation of the ulnar nerve, likely at the cubital tunnel,
which was not thought to be related to the extensor tendon injury.
This participant was lost to follow-up and her final outcome is
unknown.

Discussion

A variety of EAM programs have been described for rehabilita-
tion after repair of extensor tendons in zones V and VI. Previous
studies have not compared the outcomes of different EAM pro-
grams. The purpose of this randomized clinical trial was to deter-
mine whether an RME program would support earlier return to
functional hand use and RTW than a CAM program. This study
demonstrated that the use of an RME program after extensor
tendon repair in zones V and VI enabled return to functional hand
use sooner postoperatively than a CAM program. The RME program
results at four weeks were significantly better in all three domains
of function as defined by the International Classification of
Functioning, Disability and Health model. At eight weeks, the RME
group reported higher satisfaction with the orthosis and had
greater TAM than the CAM group. Safe return to functional hand
use was demonstrated with no tendon ruptures experienced by any
participant in either group.

In this study, participant loss to follow-up (11.9%) was less than
reported by previous studies (30%).7,8,10,16,17 Retention in this study
may have been improved as a result of appointment text reminders
and the provision of fuel vouchers to participants.

At four weeks, the RME group demonstrated significantly better
functional performance on the SHFT and reported significantly
better hand function on the QuickDASH with the RME FO than the
CAM group. These findings are likely influenced by the low profile
and small size of the RME FO that allowed free wrist motion and
restriction of only the final 15� to 20� of MCPJ flexion, compared to
the restrictive static WHFO worn by the CAM group. This study’s
functional scores are similar to those documented by Akkaya et al34

who also evaluated hand function after tendon repair. These au-
thors34 reported a final assessment mean SHFT score of 76.1 � 5.6
and a QuickDASH score of 19.6 (SD: 15.2) compared to our study



Table 8
Baseline characteristics

Characteristic CAM group (n ¼ 21) RME group (n ¼ 21)

Number of digits 24 22
Male, n (%) 20 (95.2%) 20 (95.2%)
Age in years, mean (SD) 35 (16) 36 (16)
Dominance, % R:L 100: 0 95.2: 4.8
Dominant injured, n (%) 14 (66.7%) 12 (57.1%)
Ethnicity, n (%)
European 8 (38.1%) 12 (57.1%)
NZ Maori 3 (14.3%) 0 (0%)
Pacific Islander 9 (42.9%) 4 (19.1%)
Indian 1 (4.8%) 4 (19.1%)
Other 0 (0%) 1 (4.8%)

Smoker, n (%)
Current 5 (23%) 10 (50%)
Ex or no 15 (81%) 10 (50%)

Occupation, n (%)
Heavy 12 (57.1%) 7 (33.3%)
Moderate 4 (19.1%) 10 (47.6%)
Light 4 (19.1%) 3 (14.3%)

Zone of injury, n (%)
V 14 (58.3%) 14 (63.7%)
VI 9 (37.5%) 6 (27.3%)
V/VI 1 (4.2%) 2 (9.1%)

Mechanism of injury, n (%)
Knife 3 (14%) 4 (20%)
Metal 5 (24%) 3 (15%)
Glass 8 (38%) 8 (40%)
Machine/tools 4 (19%) 3 (15%)
Other 1 (5%) 2 (10%)

Digit injured, n (%)
Index 6 (25%) 8 (36%)
Middle 4 (17%) 5 (23%)
Ring 5 (21%) 3 (14%)
Little 9 (38%) 6 (27%)

CAM ¼ controlled active motion; L ¼ left; n ¼ number; R ¼ right; RME ¼ relative
motion extension; SD ¼ standard deviation.
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outcomes at eight weeks of SHFT for RME group of 76 and CAM
group of 75, and QuickDASH for RME group of 11 and CAM group of
14. We are not aware of any tendon repair study that has estab-
lished a minimal clinically important difference (MCID) for the
SHFT; however, an MCID score has previously been established for
burned hands.27 This difference in score was noted to be seven
points, so when applied to the present study, this suggests that the
difference between the RME and CAM groups at four weeks and the
Table 9
Results for Sollerman Hand Function Test, QuickDASH, return to work, and modified pat

Outcome CAM group RME group

SHFT, mean score (SD)
4 weeks 59 (10) 66 (7)
8 weeks injured hand 75 (5) 76 (2)
8 weeks contralateral hand 75 (3) 76 (2)

SHFT time, mean seconds (SD)
4 weeks 399 (149) 276 (66)
8 weeks injured hand 224 (40) 236 (50)
8 weeks contralateral hand 238 (45) 218 (42)

QuickDASH, mean score (SD)
4 weeks 40.7 (18.0) 28.4 (14.5)
8 weeks 14.0 (13.1) 11.0 (11.0)

Return to work median days (IQR)
In any capacity 18 (6-55) 20 (12-57)
Full duties 50 (39-60) 49 (14-64)

Modified PEM mean score (SD), % (SD)
Hand health 24.9 (10.0), 78.9 (15.1) 22.1 (10.7), 83.2 (16.2
Orthosis satisfaction 13.3 (4.0), 43.0 (22.2) 7.3 (3.1), 75.9 (17.3)
Overall assessment 5.8 (2.5), 84.2 (13.8) 5.2 (2.9), 87.9 (15.9)

CAM ¼ controlled active motion; IQR ¼ interquartile range; PEM ¼ patient evaluation m
RME ¼ relative motion extension; SHFT ¼ Sollerman Hand Function Test; SD ¼ standard

a Adjusted P value � .05.
improvement in both groups from four to eight weeks is likely to be
a true difference.

A mean QuickDASH score for normal 30- to 39-year-old males is
7 (SD: 13),45 which is better than the 11 (SD: 11) scored by the RME
group and 14 (SD: 13.1) scored by the CAM group at eight weeks in
our study. In a study that included tendon repairs, Franchignoni
et al.33 determined that an MCID for QuickDASH scores was be-
tween 15.91 and 20 points. The change in QuickDASH score be-
tween four and eight weeks for the CAM group was 26.7 points and
the RME group 17.4 points, suggesting that both study groups
achieved a clinically important improvement between four and
eight weeks, with the CAM group improving the most. This greater
improvement by the CAM group may be a result of the discontin-
uation of theWHFO during this time, which allowed full mobility of
the wrist and fingers.

We did not expect to find no difference between RTW times for
the RME and CAM groups. This lack of difference may not be
directly related to true functional ability within each of the orthoses
but may be secondary to variables uncontrolled for in this study.
Light tasks only were advised early on and participants were
advised not to drive until 6 weeks postoperatively. Most of the
workers in this study were employed in jobs requiring moderate
and heavy hand use and somewere required to drive to RTW. Some
workplaces did not have light hand use duties available and some
work health and safety policies prohibited RTW if wear of an
orthosis was required.

Of interest in this study is that the CAM group participants
returned towork earlier in any capacity at 18 days (6-55)/2.6 weeks
and full duty at 50 days (39-60)/7.1 week than reported by other
CAM studies which reported RTW ranging between 6.5 and 10
weeks.13, 14 An audit conducted in our institution using a more
conservative CAM program found RTW was between 55 and 77
days.46We believe that the shorter RTW in the present study by the
CAM participants was a result of several changes: less conservative
timeframes for light functional hand use advice while in the
orthosis and elimination of the automatic sign-off for tendon re-
pairs to be unfit for work until at least six weeks after surgery. Our
RME group’s RTW in any capacity at 20 days and full duty at seven
weeks compares favorably with others who report RTW from 18 to
26 days (2.6-3.9 weeks).16-18

ROM recovery by our CAM group was poorer than reported by
previous CAM programs, with 85.8% compared to 95% to 100%
ient evaluation measure

Mean difference
Adjusted (95% CI)

P Value P Value adjusted

�6.4 (�10.9, �1.8) .017 .0073a

�0.7 (�3.7, 2.3) .48 .63
.63

119 (52, 186) .0018 .0009a

�3.5 (�26.3, 19.2) .44 .75
.19

9.7 (�0.05, 19.5) .023 .05a

3.7 (�4.3, 11.7) .45 .35

4.0 (�28.1, 36.1) .90 .80
8.0 (�16.7, 32.7) .77 .59

) 2.9 (�3.0, 8.8), �4.4 (�13.4, 4.6) .41 .32
5.9 (3.5, 8.4), �33.0 (�46.5, �19.5) <.0001 <.0001a

0.7 (�0.9, 2.3), 3.8 (�12.7, 5.1) .45 .39

easure; QuickDASH ¼ Quick Disabilities of Arm, Shoulder and Hand questionnaire;
deviation.



Table 10
Range of motion and grip strength

Outcome measure CAM group RME group Mean difference
(95% CI)

P Value Adjusted
P value

TAM mean degrees, (SD)
4 weeks 147.9 (41.7) 185.9 (48.3) �38.0 (�65.4, �10.6) .0077 0.008a

8 weeks 209.1 (37.6) 236.4 (28.3) �27.2 (�48.7, �5.8) .014 0.030a

TAM classification as per Kleinert and Verdan, n (% of group)

Excellent Good Fair Poor Excellent Good Fair Poor

4 weeks 0 (0) 2 (8.7) 15 (65.2) 6 (26.1) 1 (4.8) 11 (52.4) 5 (23.8) 4 (19.1) NA 0.003
8 weeks 4 (19.1) 14 (66.7) 3 (14.3) 0 (0) 5 (26.3) 13 (68.4) 1 (5.3) 0 (0) NA 0.78

Extension lag, mean degrees, (SD)
4 weeks 10.0 (13.5) 9.0 (14.2) 0.7 (�8.3, 9.7) .88 0.82
8 weeks 2.6 (8.7) 3.1 (7.8) �0.3 (�6.1, 5.4) .91 0.78

Flexion deficit, mean degrees, (SD)
4 weeks 84.3 (34.0) 53.3 (38.9) 34.3 (10.3, 58.2) .007 0.011a

8 weeks 30.7 (27.0) 15.2 (22.6) 14.3 (�2.5, 31.0) .058 0.13
Miller criteria extensor lag, n (% of group)

Excellent Good Fair Poor Excellent Good Fair Poor

4 weeks 10 (43.5) 5 (21.7) 8 (34.8) 0 (0) 12 (57.1) 2 (9.5) 6 (28.6) 1 (4.8) NA 0.48
8 weeks 17 (81) 2 (9.5) 2 (9.5) 0 (0) 17 (89.5) 0 (0) 2 (10.5) 0 (0) NA 0.54
Miller criteria flexion, n (% of group)

Excellent Good Fair Poor Excellent Good Fair Poor

4 weeks 0 (0) 1 (4.4) 3 (13) 19 (82.6) 0 (0) 5 (23.8) 5 (23.8) 11 (52.4) NA 0.08
8 weeks 3 (14.3) 5 (23.8) 6 (28.6) 7 (33.3) 4 (21.1) 10 (52.6) 2 (10.5) 3 (15.8) NA 0.17

Grip strength, mean (SD)
% Contralateral 73.8 (22.1) 82.8 (23.7) �9.1 (�24.3, 6.2) .24 0.47
kg 31.6 (14.0) 35.2 (16.0) �3.6 (�13.6, 6.4) .47 0.66

CAM¼ controlled active motion; CI¼ confidence interval; kg¼ kilogram; n¼ number; RME¼ relative motion extension; SD¼ standard deviation; TAM¼ total active motion.
a Adjusted P value � .05.
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good/excellent TAM7,9,10 and a good/excellent flexion deficit of
38.1% compared 93%.9 Our poor recovery of motion may have
resulted from limiting MCPJ flexion to 30� compared to others who
allowed 45 to 70�,8-11,13 the addition of an IPJ extension paddle to
the WHFO at night and advice not to make a full fist until after six
weeks compared to others who allowed it at 3 to 4 weeks.7,11

Although RME participants were given similar advice and a night
resting orthosis, immediate motion of the wrist and near full mo-
tion of the fingers from the onset within the RME FO may have
overcome these negative factors.

Previous RME studies have reported 79% to 100% excellent/good
flexion deficit outcomes compared to our 73.7%.16,17 It is possible
that if we had required our RME group to do routine ROMs exercises
as described by these studies16,17 and had used a wrist orthosis at
night to prevent composite wrist/finger flexion rather than a
resting WHFO, our outcomes would have been better.

The similarity between groups regarding grip strength was ex-
pected because both groups commenced light hand use without
the orthosis from four weeks postoperatively.

Previous studies involving extensor and flexor tendon repairs
have reported nonadherence rates of 67%.41 In our study, non-
adherence rates were 75% in the RME group and 55% in the CAM
group but not significantly different between groups. CAM partic-
ipants reported that they weremore likely to remove their orthoses
to perform activities or to relieve discomfort, compared to the RME
participants who removed their orthoses for self-care tasks such as
showering or dressing. At eight weeks, the RME group had signif-
icantly higher orthosis satisfaction scores, which suggests that the
RME FO was better tolerated than the WHFO worn by the CAM
group. Hand health scores at eight weeks were 83% compared to
those reported by other RME programs ranging between 87% and
93%.17 Overall satisfaction scores regarding management and
outcome were high for both groups in this study.

Authors of previous CAM studies have reported higher incidences
of complications and rupture9,11,12 than we experienced; our partic-
ipants experienced few complications and no ruptures in either the
CAM or RME groups. This is worth consideration because the CAM
program in this studywas less conservative, allowing earlier function
and discontinuation of the orthosis than previously used by others
and at our own institution. RME reports have not documented any
tendon ruptures and few complications despite the less restrictive
RME FO. Allowing the wrist to be free in the RME program for zones
V-VI extensor tendon repairs may take advantage of the finger
extension tenodesis effect occurring during wrist flexion, which re-
sults in reduced passive tension of the long flexors and therefore
reduced loading of the repaired tendon during active finger exten-
sion.47,48 Furthermore, the position of the affected MCPJ in more
extension than the neighboring MCPJs takes advantage of the
“quadriga effect” (personal communication with JW Howell, 2018).
The quadriga effect has been demonstrated to reduce excursion and
force imposed on the tendon repair when the MCPJ(s) belonging to
the injured tendon(s), which is controlled by a common muscle, is
positioned in relatively more extension than the others.49

Although stiffness was more of a problem for the CAM group,
the 6.3 therapy visits and 8.8 weeks of hand therapy for this group
were similar to those for our participants in the RME groupwith 5.6
visits and 9.5 weeks. In comparison to other reports of therapy
ranging from 3.6 to 8 visits for RME programs16,17 and 9 for a pre-
vious CAM program,7 our results were quite respectable.

Future research

Previous research has shown that unrestricted use of the hand
may result in tendon rupture50; however, the exact amount of re-
striction required to prevent extensor tendon rupture is unknown.
The limitation of hand use in the early stage to no more than 4.5 kg
weight was based on a classification of light duties used by the
Accident Compensation Corporation, which guides RTW in .
Although as part of the primary outcome measure we excluded
lifting the 2.7 kg cast iron, it could be argued that the weight of the
iron is less than the recommended restriction of 4.5 kg, and no
tendon ruptures occurred within this restriction; therefore, future
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consideration could be made to include this task, provided the
participants are instructed and monitored to avoid simultaneous
flexion of the wrist and fingers. It is possible that patients may
engage in moderate or heavy tasks at an earlier stage, provided the
RME orthosis is worn; prior studies have recommended that both a
wrist and RME FO are worn for heavier tasks.16 Future research
studies could investigate these questions further.

Limitations

The present study included tendon repairs in a maximum of two
digits per participant. Excluded from this study were patients who
had tendon repairs in more than two digits and multitissue
involvement such as injury to bone, nerve, and flexor tendons. The
results are therefore not generalizable to patients who have tendon
repairs to more than two digits or multitissue injuries. However,
Howell et al16 included injuries involving other tissues without
difficulty. Itwasnotpossible toblindparticipants or therapists in the
study; however, bias was reduced by obscuring the group allocation
to the PI using research assistants to measure the primary outcome.

The authors do not believe that final assessment at eight weeks
for either group was a limitation; prior studies report that by 12
weeks after extensor tendon repair, there was no significant dif-
ference in the ROM recovered regardless of orthosis or program
implemented.7,10,18 In addition, it is far more likely that at 12 weeks,
retention rates would have been lower. This study has demon-
strated that function andmotion are achieved early, before 8weeks,
when the orthosis and program impose less restriction.

Conclusions

This randomized clinical trial prospectively compared two EAM
programs, RME and CAM with two different orthoses. Earlier
functional hand use, TAM and greater satisfaction scores were
documented using the RME program compared to the CAM pro-
gram. Both the EAM programs used in this study proved to be safe
with no tendon ruptures, and the option for early RTWwas possible
when workplace policy allowed.
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