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ABSTRACT

The aim of this study was to determine the efficacy of mirror therapy (MT) in improving the total
active range of motion (AROM) of the affected finger, hand grip strength, and hand function in
patients with flexor tendon repair (FTR) in zone Il. The study was an open-label, parallel-group,
randomized controlled trial. Thirty patients with zone Il FTR, aged 20-45 years, were recruited and
randomized into two equal groups: the MT group and the sham MT group. The intervention began in
the fourth week post-operation, consisting of thirty minutes of MT or sham MT, three sessions per
week for four weeks, in addition to the traditional physical therapy (PT) program. The total AROM
of the interphalangeal (IP) joints of the affected fingers, hand grip strength, and hand function were
assessed. After four weeks of intervention, the percentage change in total AROM was 25.7% in the
MT group and 19.93% in the sham MT group. Additionally, hand grip strength and Michigan Hand
Outcomes Questionnaire (MHQ) scores showed greater improvement in the MT group compared to
the sham MT group (p < 0.05). Adding MT to the traditional PT program may be more effective than
the traditional PT program alone in improving the AROM of the interphalangeal (IP) joints of the
operated fingers, grip strength, and MHQ scores.
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1. INTRODUCTION

Outcomes after flexor tendon repair (FTR) have improved with modern treatment, but
complications are still common like adhesion formation, tendon rupture, re-operation, triggering, and

pully failure with tendon bowstringing (Lilly & Messer, 2006).

Due to its essential and complex role in many essential human everyday tasks, such as object
grasping as well as transforming, hand function plays a vital role in upper extremity function. So,
restoration of normal hand function is a crucial goal that is necessary as its dysfunction has a

negative impact on the subject’s normal life (Neumann, 2013).

Early physical therapy (PT) after FTR of zone Il is important to improve healing, increase
tensile strength, reduce adhesion, stiffness and deformity and early return of function and the balance
between acquiring a sufficient ROM (range of motion) and tendon rupture prevention is a well-
recognized problem throughout flexor tendon rehabilitation. Tendon ruptures account for 5% of
patients in literature (Dy et al., 2012; Rrecaj et al., 2014).

Mirror therapy (MT) is a mirror neurons-based approach that focuses on the mental practice
of body part movement. MT is a type of exercise used as a complement to traditional rehabilitation,
as it allows patients' eyes into thinking their impaired limbs are moving normally by reflecting the
motion of their unaffected limbs in the midsagittal plane. The primary motor cortex must be activated
in order to mimic motor action, and this requires mental practice, preparation, as well as the
activation of mirror neurons, all of which have a close relationship with visual processing areas
(Kang et al., 2011; Matthys et al., 2009). MT has been used in rehabilitation widely. MT has been

mainly investigated for pain relief as well as motor recovery after stroke (Thieme et al., 2016).

There are no previous studies in which this technique is applied in management of FTR to the
author’s knowledge. Also, the previous studies on flexor tendon repair focused on splinting and early
active mobilization. Therefore, this study was conducted to observe and record the results of adding
the motor imaginary in form of mirror therapy to the early active dynamic exercises and stretching
exercises in improving the total active fingers range of motion of the involved finger, hand grip

strength, and hand function in patients with FTR in zone II.
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2. METHODS
2.1. Study Design and Participants

The study was an open label, parallel group, randomized controlled trial. Patients were
randomly recruited from Al Kasr ElI Ainy Hospitals and Outpatient Clinic at Faculty of physical
therapy, Cairo University, Giza, Egypt. The study was conducted between June 2022 and January
2023. The ethical committee of the Faculty of Physical Therapy approved the study
(P.T.REC/012/003533), and it was prospectively registered at the Clinical Trial Registry
(NCT05347940).

Prior to the study, the sample size was determined using (G*power version 3.1) with the
parameters 90% power, -level 0.05, as well as effect size 0.5. A total of 30 patients from both genders
participated in this study. They were informed in detail about the purposes, procedures, and the
benefits of the study, and signed the written consent form before participation. They were
randomized into two groups of equal number, the mirror therapy group and the sham mirror therapy
group using computer-generated block randomization. The block size was four to eliminate selection
bias and reduce the variability between the groups. Sealing opaque envelopes with sequential

numbers allowed for a method of concealed allocation.

Patients were referred by the plastic surgeon who underwent flexor tendon repair in zone Il
and were assessed for their eligibility to join the study. Patients who met the inclusion criteria were
enrolled. Male or female patients with age of 20-45 years and passed three days after their operation
were selected. Patients’ exclusion occurred if they had one or more of the following: more than one
operated finger, additional zones or additional hand tendon injuries, repaired flexor pollicis longus,
previous tendon rupture post-repair, open fractures, nerve injury, major vascular injury, crush
injuries, or any cognitive disorders that hindered their active participation in the exercise program.

Patients who refused to join the study, were excluded.

2.2. Intervention

All patients of both groups received the same postoperative medical treatment in the form of
medications including pain killers and antibiotics, and dressings over surgical lines. Patients in both
groups had the same post-operative traditional physical therapy program as following (Henry and
Howell, 2020; Newington et al., 2021; Savage et al., 2005):
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Phase (1): From the 3™ postoperative day to the 4™ week postoperatively: Patients were
asked to wear their dorsal blocking cast.

Phase (2): From the 4™ week to the 6" week postoperatively: Active exercises in form of
active wrist flexion with fingers extension, active wrist extension with gentle active fingers
flexion such as a straight fist (flexion of MCP as well as PIP joints and extension of DIP
joints), full fist (flexion of MCP joints as well as IP joints), and hook fist (flexion of IP joints
as well as extension of MCP joints) alternatively. Each active exercise was performed at
frequency of 15 repetitions, three times per day.

Phase (3): From the 6™ to the 8™ week postoperatively: In the physical therapy visit at the
6" postoperative week, the cast was removed at all. The patients were asked to continue the
previous exercises out of splint. The exercises began with the digits being moved through the
subsequent five positions: Straight hand (extension of MCP joints as well as IP joints), hook
fist (flexion of IP joints as well as extension of MCP joints), full fist (flexion of MCP joints as
well as IP joints), table-top position (flexion of MCP joints as well as extension of IP joints),
and straight fist (flexion of MCP and PIP joints were as well as extension of DIP joints).
Active flexor tendon-gliding, each exercise was performed at a frequency of 15 repetitions,
three times per day.

Phase (4): From the 8t to the 12t week postoperatively: In the 4"physical therapy visit at
the 8" postoperative week, the patients were asked to continue the preceding exercises along
with progressive stretching and strengthening exercises as described in the following: The
patient stood in a side of a table and rested the affected hand palm and fingers over it. The
patient then used his/her unaffected hand to extend MCP, PIP, and DIP joints of the affected
finger against the table and ensured that position by placing the unaffected hand over the
extended affected hand. The patient then started to perform progressive combined stretching
exercises for the extrinsic flexors of the affected hand by extending the wrist of the affected
hand gradually through bringing his/her arm up over the hand till the limit of feeling
discomfort. The patient then maintained the stretch for 30 seconds then relaxes for same time

and then repeats. The patient repeated the stretch cycles 3 times for 3 times/day.

The MT group got an extra 30 minutes of the MT program for the same time period. Patients

sat at a table next to a vertical mirror (35 x 35 centimeters) for the mirror exercises. The involved

hand was positioned behind the mirror and the non-involved hand facing mirror. The practice

consisted of practicing the above exercise in the same progression according to each phase of
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treatment, three times per week for four weeks, with the non-involved as the patient watched the
mirror image of their hand, the projected reflection of their hand movement was shown directly over
the affected hand. When looking in the mirror, patients could only see their non-involved hand, as the
involved hand was hidden. At certain points throughout the session, patients were instructed to mimic
their motions with the uninvolved hand using the involved hand. Whereas the “control” group did
the same exercise for the same amount of time, but with the mirror turned so that the involved hand
was hidden from view. All the patients received mirror or sham treatment from the same therapist
(Yavuzeret al., 2008).

The outcomes measured included total active range of motion of interphalangeal joints of the

involved finger, hand grip strength, and hand function:

e Total active range of motion of IP joints of every affected digit was measured three times
utilizing finger goniometer (Baseline 12-1011 Finger Goniometer, Metal, 180 Degree - 6"
Deluxe) at the fourth, the sixth, and the eight-week post-operative (Bain et al., 2014).

e Hand grip strength of both hands for every patient was evaluated once utilizing hand
dynamometer at the 12" week post-operative (Takei Analog Hand Grip Strength
Dynamometer T.k.k.5001 GRIP-A General Type). A comparison of operated hand grip
strength to unaffected hand grip strength was determined as a percentage. Because the
dominant hand is typically stronger by a factor of 10, 10% was subtracted from the value of
the operated hand's strength prior to the total was calculated (Trosclair et al., 2011).

e Hand function was assessed also for only one time after 12" week post-operative by using the
Arabic version of Michigan hand outcomes questionnaire that can assess the patient's
dominant health state, which is relevant to the diagnosis of a hand disorder. Each patient was
asked to answer the gquestions of its 6 scales (1- Generally hand function, 2-DailyActivities, 3-
Work performance, 4- Pain, 5- Aesthetics, as well as 6-Hand function Satisfaction). The score
for each scale ranged discretely from 0 to 100. Using the MHQ scoring system, we

established the raw scale score to a range from 0 to 100 (Khaja et al., 2020).

2.3. Data Analysis

To compare age between groups, descriptive statistics and unpaired t-test were conducted.
Chi-squared test was conducted for comparison of sex, dominant, and involved hand distribution, as
well as operated finger distribution. For comparison of total AROM, hand grip, and function among

groups, an unpaired t-test was conducted. Paired t-test was carried out for comparison among pre-
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and post-treatment mean values of total active ROM, hand grip, and hand function in each group.
The significance level was set at p < 0.05 for all statistical tests. The 25th edition of IBM's statistical

software for the social sciences (SPSS; Chicago, Illinois, USA) was used for all analyses.

3. RESULTS

Figure 1 shows the flow diagram of patient allocation at each stage of the study.

Enrollment ) l Assessed for eligibility (n= 38)

Excluded (n=5)
l Randomization
i l Allocation
- v
Mirror group Sham mirror group
(n=16) (n=17)
\ \
Follow up
|
v | v
Lost to follow-up (n= 1) ‘ 1 Lost to follow-up (n= 2)
\ \
Analysis [ |
v ‘ J v
Analyzed (n= 15) ‘ [ Analyzed (n= 15)

Figure 1. Flow diagram of patient allocation at each stage of the study

Tables 1 and 2 list the general and medical characteristics of the two groups. Table 1 indicates

that there was no statistically significant difference in mean age or sex between the groups (p>0.05)

Table 1. Demographic data

Variables Mirror therapy Sham mirror therapy P value
group group
X+ SD X+ SD
Age (years) 36.4 +6.27 35.13+6.42 0.58
Sex (male or female)  Female 4(26.66%) Female 6(40%) 0.48
Male 11(73.33%) Male 9(60%)

X: Mean; SD: Standard deviation; p value: Probability value

Table 2 presents the frequency distribution and Fisher’s Exact test for dominant hand,
involved hand, and involved finger distribution, all of which revealed no significant differences (p>

0.05).
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Table 2. Dominant and injured hand and operated finger distribution

Variables Mirror therapy group Sham mirror therapy group 12 P- value
Injured Dominant hand Dominant hand 2.08 0.21
hand 10(66.66%) 12 (80%)
Non dominant hand Non dominant hand
5(33.33.%) 3(20%)
Index3(20%) Index5(30%)
Operated Middle6(36.7%) Middle3(20%)
finger Ring4(30%) Ring3(23.3%)
Little2(13.3%) Little4(26.7%) 358 032

x2: Chi Squared Value; p value: probability value

3.1. Within group comparison

There is a statistically significant improvement in IP joints AROM of operated fingers at 6th,
as well as 8th post-operative weeks compared to that of 4thpostoperative week (p = 0.001), a
substantial increase in IP joints AROM of operated fingers at 8th postoperative week in comparison

with that at 6th postoperative week in both groups (p = 0.001) (Table 3).

Table 3. Mean values of IP joints AROM of operated digits between both groups

Total active ROM Mirror therapy group Sham mirror MD t value P value
therapy group (95% CI)
X+SD X+ SD
4" week 93.66+10.09 98.8+13.17 -13.908  -1.198 .058
6" week 106.13+£11.51 106.53+13.07 -9.612 -.089 411
8" week 119.4+9.34 118.73£11.27 -7.081 176 377
F=23.161 P=0.000 F=9.639 P=0.000
Multiple Mirror therapy group Sham mirror therapy group
(Bgﬁgffgrllsiqrgs 9 MD % of change p-value MD % of change p- value
4-6 week 19.5 12.5 .000" 16.0 7.73 .000"
6

4-8 week -0.4 -25.7 .003" -2.23 -19.93 .033"
6-8 week -19.1 -13.2 .006" -13.8 -12.2 .000"

*. The mean difference is significant at the 0.05 level.

3.2. Between group comparison

There was a substantial increase in IP joints AROM of operated fingers at 6™, and 8"post-
operative weeks of or therapy group in comparison with that of sham mirror therapy (p < 0.05)
(Table 4). Also, there was a potential increase in operated hand grip strength (% of normal hand) of
mirror therapy in comparison with that of sham mirror therapy at 12" postoperative week and a

significant increase in scores of overall hand function, activities of daily living, work, aesthetics,
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satisfaction, as well as a significant decrease in score of pain of mirror therapy compared with that of

sham mirror therapy at 12" post-operative week (p < 0.05) (Table 4).

Table 4. Mean operated hand grip strength (% of normal hand) and MHQ scales scores at 121"
postoperative week in both groups

Variables Mirror therapy ~ Sham-mirror MD (95% CI) t- p-
group therapy group value  value
Mean +SD Mean +SD
Grip strength (% of 75.7£5.38 69.335.65 6.37(3.51:9.21) 4.46 0.001
normal hand)
MHQ
1- Overall hand function 49.58+33.12 40.17+20.99 13.5(5.71:21.29) 3.46 0.001
2- Activities of daily living 40.62+22.54 38.79+26.48 6.56(0.92:12.2) 2.33 0.02
3- Work 54.58+25.97 38.33+£24.34 8.67(4.26:13.06) 3.94 0.001
4- Pain 34.58+16.02 42.50+24.44  -6.83(-10.49:3.16) -3.73  0.001
5- Aesthetics 46.9+17.14 34.9421.06 6.86(2.02:11.71) 2.83 0.006
6- Satisfaction 50.31+32.05 49.27+£29.18 6.93(2.08:11.78) 2.86 0.006

4. DISCUSSION

The current study demonstrated a statistical significant improvement in the overall active
ROM of IP joints of the involved finger, hand grip and hand function in the two groups. The mirror
therapy group had greater significant improvement in all the outcome measures when in comparison

with the sham mirror therapy group (p<0.05).

The main goals of any FTR are to enhance intrinsic tendon healing and limit the development
of peritendinous adhesions aiming to restore maximum tendon excursion and ROM. In spite of
unlimited evolution in materials, techniques, and approaches utilized in either surgical repair or post-
repair rehabilitation of flexor tendons, complications continue to develop postoperatively, even in
patients managed by highly experienced hand surgeons and therapists. Postoperative formation of
peritendinous adhesions is nevertheless the most happening complication that significantly limits the
AROM of the operated digits which certainly affects hand strength and functions (Tang et al., 2022;
Klifto et al, 2018). The postoperative physical therapy significantly affects the outcomes of a good
quality FTR. Up to now, there is no agreement on a single physiotherapy protocol to be optimal
(Ayhan et al., 2021).

Up to the authors' knowledge, however, no study has investigated the effect of adding the
mirror therapy to the physical therapy exercises post flexor tendon repair. Instead, most previous
studies have looked at different types of splints or different hand exercises programs that were done

in the traditional way. The findings of our study are similar to those of another studies, which
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reported that MT has a positive impact on improving the ROM, hand grip, and hand function
(Karnati et al., 2015; Shaker et al., 2020). Also, the improvement in the sham mirror therapy group
came in agreement of many studies (Zarraa et al., 2022; Neiduski & Powell, 2019; Sanmartin-
Fernandez et al., 2017). According to our study, adding mirror therapy is beneficial in improving the

total active IP ROM, hand grip, and hand function.

This superior effect in the mirror therapy group can be attributed to the bimodal visuo-motor
nature of the motor neurons that became active throughout movement observation, mental
stimulation through imaging, and/or movement execution. So, the illusion created by the non-
operated increased the excitation of the primary motor cortex of the hand behind the mirror (operated
hand) that created a substitution for the inhibited proprioceptive information from the operated hand.
This intersected facilitatory input from the active hemisphere of the non-operated hand will lead to
increase the excitability in the homologues motor pathways of the operated hand and felicitating its
recovery. Also, the mirror created visual feedback of successfully performed performance of the
imagined activity with the operated hand that had a beneficial effect in the rehabilitation. So, this
connection between the pre-motor area activation in addition to the visual input assists the
rehabilitation in a good way and enhanced the patients' recovery (Arya et al., 2016; Rizzolatti &
Craighero, 2004; Thill et al., 2016).

5. LIMITATIONS

The research has some limitations. First, the relatively small sample size of the study group,
which means that a larger sample is essential for more robust statistical analysis. Second, there was a
lack of follow-up for both groups to evaluate the long-term effects of mirror therapy (MT) on
improving hand function in futsal referees (FTR). Consequently, more studies are needed to address

these limitations.

6. CONCLUSIONS

Adding MT to the traditional PT program might be more effective than the traditional PT program
alone concerning IP joints AROM of the operated fingers, grip strength, as well as MHQ scales. Our study
results suggest that therapists and health professionals should think about adding MT to the conventional
postoperative rehabilitation for patients who underwent FTR.
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