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ABSTRACT
Objectives: This study aims to investigate the effects of joint mobilization with supervised exercise in patients with subacromial impingement
syndrome (SAIS).

Patients and methods: This prospective, randomized-controlled study included a total of 40 patients (18 males, 22 females;
mean age 43.52 years; range, 27 to 67 years) with SAIS of more than six weeks between June 2014 and June 2015. The patients were
randomly allocated into two groups: Group 1 (n=20) received joint mobilization and neuromuscular electrical stimulation and Group 2
(n=20) received a supervised exercise program and neuromuscular electrical stimulation. The outcome measures included the range of
motion, pain intensity, the Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire, American Shoulder and Elbow Surgeons
Standardized Shoulder Assessment Form-patient self-report section, Short Form-36, and Global Rating of Change Questionnaire. Pain
was evaluated using the visual analog scale (VAS).

Results: In both groups, the mean VAS scores significantly decreased and the range of motion significantly increased after treatment (p<0.05).
Both joint mobilization and supervised exercise combined with neuromuscular electrical stimulation led to a significant improvement in
function in patients with SAIS (p<0.05), although it did not significantly differ between the groups (p>0.05). Patient satisfaction with
treatment was similar in both groups (p=0.28).

Conclusion: Based on our study results, mobilization and supervised exercise yield comparable outcomes in patients with SAIS.

Keywords: Exercise, joint mobilization, shoulder pain, subacromial impingement syndrome.

Subacromial impingement syndrome (SAIS) is one thoracoscapular muscles are frequently used for the
of the most common entities encountered in the conservative treatment of this complex process.!!
shoulder complex characterized by pain and functional
restrictions. This condition is due to the impingement
of the tendons of the rotator cuff, particularly the
supraspinatus tendon, head of the biceps brachii, and
subacromial bursa between the head of the humerus

Exercise therapy is associated with successful
outcomes comparable to surgery. In a recent systematic
review and meta-analysis of randomized-controlled
trials regarding the effectiveness of conservative

and coracoacromial arch. The main goals of SAIS measures with shoulder impingement, manual
treatment are to control pain and increase the range therapy plus exercise was found to be superior to
of motion (ROM) in order to enable healing of the exercise alone.l! Several studies have demonstrated
compromised rotator cuff. Various programs including the beneficial effects of exercise in patients with SAIS,
electrotherapy, manual therapy, passive, active particularly in terms of pain and function.”? However,
and active assistive ROM exercises, and stretching manual therapies seem to be controversial compared
and strengthening exercises to the rotator cuff and to exercise, since evidence is low-to-moderate in

Corresponding author: Ferit Pekgoz, PT MSc. Maslak Hastanesi Fizik Tedavi ve Rehabilitasyon Bolimii, 34457 Saryer, Istanbul, Tiirkiye.
e-mail: pekgozferit@mail.com
Cite this article as:

Pekgiz F, Tagkiran H, Kaya Mutlu E, Atalay A, Celiker R. Comparison of mohilization with supervised exercise for patients with subacromial impingement syndrome.
Turk J Phys Med Rehab 2020;66(2):184-192.

Presented at the 17" ESSKA Congress, May 4-7, 2016, Barcelona, Spain


https://orcid.org/0000-0002-8450-8500
https://orcid.org/0000-0002-6134-6262
https://orcid.org/0000-0002-8595-5513
https://orcid.org/0000-0002-0065-1052
https://orcid.org/0000-0001-9984-071X

Mobilization and supervised exercise in subacromial impingement syndrome

case of SAIS.®! In the most previous research, manual
therapy was investigated as an add-on treatment
modality. In our study, we aimed to compare manual
therapy versus exercise in patients with SAIS of which
both were combined with neuromuscular electrical
stimulation (NMES), which is widely used as an
adjunct to physical therapy programs in daily practice.

PATIENTS AND METHODS

This parallel-design, prospective, randomized-
clinical study was conducted at Maslak Acibadem
Hospital, Physical Therapy and Rehabilitation
outpatient clinic between June 2014 and June 2015.
Of a total of 52 patients with SAIS, 49 who fulfilled
the inclusion criteria were included. Inclusion criteria
were as follows: age >18; pain lasting for 26 weeks;
having three of the following five clinical signs of SAIS
(i) positive Hawkins test, (ii) positive Neer test, (iii) pain
during active arm elevation of greater than 60° in the
scapular or sagittal plane, (iv) positive Jobe/empty can
test for pain or weakness, and (v) pain or weakness
with resisted shoulder external rotation with the
arm at the side.! Patients were excluded if they had
a history of shoulder or cervical or thoracic spine
surgery, having another physiotherapy treatment of this
disorder within the past six months, steroid injection
around the shoulder within the past six months,
contraindications to manual therapy such as systemic
arthritis or osteoporosis, and a history of psychiatric
treatment. Of 49 patients, three discontinued after the
pre-evaluation phase and 23 were randomized to two
groups. However, six patients discontinued treatment;
therefore, a total of 40 patients (18 males, 22 females;
mean age 43.52 years; range, 27 to 67 years) were
included in the study. The study flow diagram is shown
in Figure 1. A written informed consent was obtained
from each patient. The study protocol was approved by
the Istanbul Medipol University, Faculty of Medicine,
Human Research Ethics Committee (No: 29, Date:
03/03/2014). The study was conducted in accordance
with the principles of the Declaration of Helsinki. All
patients were randomly assigned to one of two parallel
groups to receive either joint mobilization combined
with NMES (Group 1, n=20) or exercise combined with
NMES (Group 2, n=20) at a ratio of 1:1. To allocate
the participants, the Research Randomizer, which is
an online randomization web service (https://www.
randomizer.org/) was used. Simple randomization
procedures (computerized random numbers) were
conducted and sequentially numbered index cards
with the random assignment were prepared by an
investigator with no clinical involvement in the study.
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The index cards were folded and placed in sealed,
opaque envelopes. Then, the blind investigator opened
each envelope and allocated the participants to Group 1
or Group 2 according to the selected index card. The
interventions were performed by a single physical
therapist at a research clinic of a tertiary hospital, and
the assessments and data collection were conducted by
another therapist. The interventionist was unblinded to
the allocated arm, while the patients and the outcome
assessor were blinded to the allocation procedure. All
participants received treatment at the clinic (three
times a week) for 12 sessions for 50 min. Qutcomes
were measured at baseline and at the end of treatment.

Treatment protocol

The patients were seated with their shoulder in 45°
of abduction, neutral rotation, and 15° of horizontal
adduction. Their hips and knees were flexed to 90°
and their feet resting flat on the floor. The NMES was
applied to the lower and middle trapezius muscles.
Pad placement was assisted by palpation and visual
localization of the muscle during a resisted isometric
contraction. The portable NMES device was used
which stimulates efferent motor neurons with biphasic
waveform at a frequency of 50 pulses per second, pulse
length of 300 microsec, and one-sec ramp time. The
electrical stimulation amplitude was applied according
to the maximal perceived tolerance of the patient.

Passive joint mobilization includes shoulder
distraction, dorsal glide, ventral glide, lateral glide,
and caudal glide. In shoulder distraction, dorsal glide
and caudal glide were applied by the physical therapist,
when the patient was in supine position with shoulder
50° abduction and 30° horizontal adduction. The
lateral glide was applied, when the patient was in the
supine position with shoulder 90° flexion.

Exercises were carried out under the supervision
of the physiotherapist for three times a week, for a
total of 12 sessions. During each session, the patients
were observed for substitution or compensatory
movements and corrected when required. We aimed
to increase the ROM through Codman and wand
exercises in the early phase.”’ Exercises used in
this phase includes posterior capsular stretches.
Once ROM is normalized, the second phase starts.
Strengthening includes internal and external rotations
(i.e., infraspinatus, teres minor, and subscapularis)
using TheraBand, followed by abduction and forward
flexion.' These exercises are carried out in a short arc
of 30 to 45 degrees. Female patients used yellow, while
male patients used red TheraBand for strengthening
exercises. Scapular stabilization exercises and deltoid
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Assessed for eligibility (n=52)
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Figure 1. CONSORT flow diagram.
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VAS: Visual analog scale; DASH: Disabilities of the Arm, Shoulder and Hand; ASES: American Shoulder and Elbow Surgeons; SF-36: Short Form-36; NMES:
Neuromuscular electrical stimulation; GRCQ: Global Ratings of Change Questionnaire.

exercises are included in the second phase of the
rehabilitation program. Exercises according to weeks
are summarized in Table 1.

Outcome measurements

The outcome measures included ROM
measurements, pain intensity, the Disabilities of the
Arm, Shoulder and Hand (DASH) Questionnaire,
American Shoulder and Elbow Surgeons (ASES)
Standardized Shoulder Assessment Form-patient self-
report section, Short Form-36 (SF-36), and Global
Rating of Change Questionnaire (GRCQ).

The passive ROM of each subject included abduction
in the frontal plane, forward flexion, and external and
internal rotation in 30° abduction with a conventional
goniometry. The passive ROM measurements were
taken in the supine position and with the scapula being

stabilized by the tester’s hand. The patient’s arm was
passively positioned in 30° abduction, as measured
by a conventional goniometry, to assess internal and
external rotation ROM.

The pain severity was assessed using the visual
analog scale (VAS), for which a patient was asked to
indicate his/her perceived pain. It was evaluated during
three separate occasions: VAS on motion, VAS at night,
and VAS at rest. Pain intensity was measured from the
left, with 0 indicating no pain and 10 indicating severe
pain. Prior to the beginning of the study and at the end
of the treatment (Week 6), the VAS was administered
by a physical therapist who was blind to the patient’s
group or treatment.

The DASH questionnaire is a reliable tool for
the evaluation of functional disability of the upper
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extremity. It includes 30 questions which measure
the degree of difficulty experienced due to an
arm, shoulder, or hand problem (21 items) while
performing various physical activities. The severity
of each symptom is assessed in terms of five aspects:
pain, activity-related pain, tingling, weakness and
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stiffness. The patient is asked to rate the impact
of the problem on his social activities, work and
sleep, as well as its psychological impact (4 items).
Response choices for each item range from 1 to 5,
which are defined as ‘no difficulty or symptom’ to
‘unable to perform activity or very severe symptom’.

TABLE 1
Exercise program details

Week 1 (1%, 2" and 3™ sessions)

1.
2.
3.
4.
5.
6.

Week 2 (4", 5 and 6" sessions)

Scaption (10 reps)

© PN e w N

10. Scapular retraction (10 reps)

Week 3 (7, 8 and 9t sessions)

© PN e W N

Week 4 (10, 11, 12t sessions)

N DR

Wand exercise. Shoulder abduction in the scapular plane (15 reps)
Wand exercise. Shoulder flexion (15 reps)

Wand exercise. Shoulder external rotation (towel under armpit) (15 reps)
Wand exercise. Shoulder extension (15 reps)

Wand exercise. Shoulder internal rotation (15 reps)

Crossed arm stretch (posterior capsular stretch) (15 reps)

Wand exercise. Shoulder abduction in the scapular plane (20 reps)
Wand exercise. Shoulder flexion (20 reps)

Wand exercise. Shoulder external rotation (towel under armpit) (20 reps)
Wand exercise. Shoulder extension (20 reps)

Wand exercise. Shoulder internal rotation (20 reps)

Crossed arm stretch (posterior capsular stretch) (20 reps)

External rotation in side lying (10 reps)

Serratus anterior (supine) with 1 kg dumbbell (10 reps)

Wand exercise. Shoulder abduction in the scapular plane (25 reps)
Wand exercise. Shoulder flexion (25 reps)

Wand exercise. Shoulder external rotation (towel under armpit) (25 reps)
Wand exercise. Shoulder extension (25 reps)

Wand exercise. Shoulder internal rotation (25 reps)

Crossed arm stretch (posterior capsular stretch) (25 reps)

External rotation in side lying with 1 kg dumbbell (15 reps)

Scaption with 1 kg dumbbell (15 reps)

Serratus anterior (supine) with 1 kg dumbbell (15 reps)

10. Scapular retraction (prone) with 1 kg dumbbell (15 reps)

Crossed arm stretch (posterior capsular stretch) (20 reps)
External rotation in side lying with 1.5 kg dumbbell (20 reps)
Scaption with 1.5 kg dumbbell (20 reps)

Serratus anterior (supine) with 1.5 kg dumbbell (20 reps)
Scapular retraction (prone) 1.5 kg dumbbell (20 reps)
External rotation during standing with TheraBand (20 reps)
Scaption with TheraBand (20 reps)
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The scores obtained from all items are, then, used
to calculate a score ranging from 0 (no disability)
to 100 (most severe disability). The DASH has an
excellent reliability (intra-class coefficient=0.92, 0.96)
and responsiveness.”? The validity and reliability
of the Turkish version of DASH have been shown
previously.®! Although success is defined as 50%
improvement in DASH, 40% change from baseline is
also accepted as a substantial improvement.>!"!

The patient self-reported section of the ASES
Standardized Shoulder Assessment form was used to
evaluate patient-rated shoulder pain and function. The
minimal clinically important difference (MCID) is 6.4
ASES points.'Y The Turkish ASES questionnaire has
been shown to be valid and reliable previously.'?! The
quality of life was measured using the SF-36. Higher
scores indicate a better health state.!™

The GRCQ is a six-point scale, ranging from -2
(a very great deal worse) to 0 (about the same) to +2
(a very great deal better), allowing the patient to rate
the perceived change in their shoulder condition since
his/her first visit. Success was defined as GRCQ scored
as “moderately better” (+3) or higher.”’

Statistical analysis

The sample size and study power were calculated
using the G*Power version 3.1.9.7 software (Heinrich-
Heine-Universitit Diisseldorf, Diisseldorf, Germany).
The calculations were based on a standard deviation of
20 points, and an inter-group difference of 15 points®
represented the MCID DASH at an alpha level of
0.05, and beta level of 20% at a desired power of 80%.
Accordingly, a sample size of at least 21 patients in
each group was estimated. Allowing for a conservative
dropout rate, we recruited 26 subjects in the study.

Turk J Phys Med Rehab

Statistical analysis was performed using the SPSS
version 16.0 software (SPSS Inc., Chicago, IL, USA).
Descriptive data were expressed in mean * standard
deviation (SD), median (min-max) or number and
frequency. Continuous variables were assessed using
the independent samples t-test, while categorical
variables were assessed using the chi-square test. The
ROM, VAS, DASH, ASES, and SF-36 scores were
analyzed using a two-by-two repeated-measures
analysis of variance (ANOVA) with the treatment group
(Groups 1 and 2) as the between-subject factor and time
(before and after six weeks) as the within-subject factor.
Pre- and post-treatment values within the groups were
compared using the paired samples t-test. A p value of
<0.05 was considered statistically significant.

RESULTS

Baseline demographic characteristics of the study
group are summarized in Table 2. Both groups had
similar characteristics in terms of all variables, except
for body mass index (BMI). Group 1 had significantly
higher BMI values compared to Group 2 (p=0.01).

After the treatment, both groups had similar
improvements in terms of ROM (Table 3). Both
groups showed statistically significant improvements
after treatment (p<0.05), indicating no statistically
significant difference between the groups (p>0.05). The
VAS, DASH, and ASES scores were also significantly
improved after the treatment within each group
(p<0.05) (Table 4). However, the VAS, DASH, and
ASES scores did not significantly differ between the
groups (p>0.05) (Table 4).

In both groups, treatment yielded a significantly
improved physical and social function domain
of SF-36, but not role-physical, pain, vitality, and

TABLE 2

Baseline demographic characteristics of study groups

Group 1 (n=20) Group 2 (n=20)
n Mean+SD n Mean+SD p
Age (years) 45.2+6.5 41.949 0 0.19*
Body mass index (kg/m?) 27.1+4.5 24.1£2.9 0.01%
Gender 0.05**
Female 8 14
Male 12 6
Handedness 0.51%*
Involved dominant 11 13
Non-dominant 9 7
SD: Standard deviation; Group 1: Mobilization combined with neuromuscular electrical stimulation (NMES); Group 2:
Exercise combined with NMES; * Independent samples t-test; ** Chi-square test.
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TABLE 3
Intra- and inter-group comparison of passive range of motion
Before treatment  After treatment With-in score change

Assessments Mean+SD Mean+SD p* P
Flexion

Group 1 158+10.4 170.8+10.3 <0.001 12.848.7

Group 2 152.6+10.3 166+6.8 <0.001 14.3£6.6 0.0
Extension

Group 1 52.5+8.6 57.1+9.9 0.001 4.6+4.0

Group 2 46.1£5.7 52.4+6.7 0.001 6.3+6.4 0-30
Abduction

Group 1 140.7+30.0 166.8+12.2 <0.001 26.1£29.6 0.84

Group 2 144.4+13.9 161.1£13.6 <0.001 16.7+9.0
Internal rotation

Group 1 54.1+6.8 67.9£2.9 <0.001 13.8+6.0 0.26

Group 2 52.0+4.2 67.2+4.4 <0.001 15.2+4.7
External rotation

Group 1 71.1+4.2 76.3+6.0 0.001 5.2%5.0

Group 2 69.1+10.4 75.0+5.9 0.008 5.9+8.9 038
SD: Standard deviation; Group 1: Mobilization combined with neuromuscular electrical stimulation (NMES); Group 2: Exercise
combined with NMES; * Paired samples t-test; ** Two-by-two repeated-measure analysis of variance.

TABLE 4
Intra- and inter-group comparison of pain and function
Before treatment ~ After treatment With-in score change

Assessments Mean+SD Mean+SD p* P
VAS-motion

Group 1 6.7+1.7 3.3%1.1 <0.001 3.4+1.4

Group 2 7.5+0.9 4.1+1.3 <0.001 3.4%1.8 052
VAS-night

Group 1 6.1£2.2 3.0£1.2 <0.001 3.1+1.6

Group 2 7.3+1.6 3.1+2.2 <0.001 4.2+1.8 018
VAS-rest

Group 1 3.7+1.6 1.5+0.8 0.001 2.2+1.8

Group 2 4.6+1.8 1.5+1.3 <0.001 3.1+1.8 0-20
DASH

Group 1 38.9+16.5 22.8+11.0 0.001 16.2+12.6

Group 2 42.2+194 31.9+15.3 0.004 10.3+13.9 018
ASES

Group 1 59.4+7.8 55.1+5.5 0.008 8.4+7.8

Group 2 64.2+10.7 56.8+5.3 0.001 11.1+10.6 0.26
SD: Standard deviation; VAS: Visual analog scale; DASH: Disabilities of the Arm, Shoulder and Hand; ASES: American Shoulder and
Elbow Surgeons; Group 1: Mobilization combined with neuromuscular electrical stimulation (NMES); Group 2: Exercise combined
with NMES; * Paired samples t-test; ** Two-by-two repeated-measure analysis of variance.




190

Turk J Phys Med Rehab

TABLE 5
Intra- and inter-group comparison of Short Form-36 subscale scores

Before treatment ~ After treatment With-in score change
Assessments Mean+SD Mean+SD p* p**
Physical function
Group 1 73.5%+15.5 81.0+10.5 0.04 7.5%15.3
Group 2 69.8+14.0 82.5+8.4 0.001 12.8+14.2 073
Role-physical
Group 1 52.5+47.2 57.5+46.0 0.33 5.0+22.4 0.68
Group 2 46.3+45.4 52.5+45.8 0.52 6.3+42.8
Pain
Group 1 43.6+19.9 48.3+14.7 0.31 4.7+£20.2 0.36
Group 2 40.7+16.6 43.1£21.6 0.92 2.4+27.0
General health
Group 1 73.0+12.2 71.0%£13.5 0.11 -2.0£5.2 0.08
Group 2 62.5+15.7 63.9+12.5 0.35 1.4+6.3
Vitality
Group 1 72.3%£12.2 72.0%11.4 0.85 -0.3+7.5 0.20
Group 2 58.5%15.1 57.5%15.0 0.31 -1.0+4.5
Social function
Group 1 77.5+22.8 66.3+21.9 0.03 -11.3+22.2 017
Group 2 70.0+23.8 50.0+26.9 0.001 -20.0+£20.8
Role-emotional
Group 1 78.3£36.3 78.3+37.9 0.99 -0.0£15.3 0.30
Group 2 60.0+42.7 63.2+40.4 0.57 3.2+18.4
Mental health
Group 1 77.6+8.4 72.8+7.2 0.001 -4.8%5.1 0.90
Group 2 74.8+7.1 75.07.1 0.66 0.2+2.0
SD: Standard deviation; Group 1: Mobilization combined with neuromuscular electrical stimulation (NMES); Group 2: Exercise
combined with NMES; * Paired samples t-test; ** Two-by-two repeated-measure analysis of variance.

role-emotional domains. The SF-36 scores before
and after the treatment are summarized in Table 5.
The SF-36 subscale scores did not significantly differ
between the groups (p>0.05) (Table 5).

Patient satisfaction as assessed by the GRCQ was
similar in both groups (4.3+0.6 in Group 1 vs. 4.4+0.8
in Group 2; p=0.28).

DISCUSSION

In this study, we demonstrated that, both
mobilization and supervised exercise combined with
NMES led to a significant improvement in function,
pain, and ROM in patients with SAIS, as evidenced by
the DASH and ASES scores.

Previous studies have compared manual therapy
techniques with therapeutic exercise. Bang and

Deyle" compared joint mobilization as an add-on
therapy to exercise (flexibility and strength training)
and found that manual physical therapy combined
with supervised exercise was better than exercise
alone for increasing the strength, decreasing pain,
and improving function in patients with SAIS.
On the other hand, Camargo et al.’® showed that
adding scapular manual therapy to an exercise
protocol did not enhance improvements in scapular
kinematics, function, and pain in individuals with
SIAS. Kachingwe et al.'*) also examined the effects
of glenohumeral mobilizations and mobilization-
with-movement (MWM) combined with supervised
exercise. They also included supervised exercise alone
group and control group. The MWM and mobilization
groups had a higher percentage of change in terms of
pain and three interventions groups showed a better
functional gain, compared to control group; however,
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these findings were not statistically significant. Also,
in the literature, the MWM interventions examined
in later studies were found to be more effective than
placebo.'”®! In our study, the same effectiveness
of joint mobilization for patients with SIAS was
observed compared to exercise therapy. Of note, there
are certain limitations to the use of manual therapy.
There is poor accuracy and reproducibility of manual
accessory movement testing.'”! Thus, it is not possible
to grade mobility as a dependent in studies using
manual techniques. In addition, it is not possible to
include a placebo group due to the ethical reasons.?”

In clinical practice, SIAS is usually treated with
stretching and strengthening exercises; however,
there is no consensus which type of exercise is the
most effective method.”! Some authors suggested that
a specific exercise strategy with special focus on
correction of kinematic deficits would be superior to
general exercise strategy, while some others did not.™!
On the other hand, a systemic review found that non-
steroidal anti-inflammatory drugs and corticosteroids
were superior to placebo, although it was unclear
how these treatments were compared to exercise.!
Therefore, in our study, strengthening and stretching
exercises were used. Our study results indicated that
either strengthening and stretching exercise or manual
therapy combined with NMES vyielded benefits on
pain, ROM, and function.

The NMES is a widely used intervention during
rehabilitation to increase the isometric strength of
the muscle, and improve function and motor control,
facilitating changes in muscle action and performance.
To stimulate the lower trapezius and serratus anterior
muscles in healthy participants, the effect of these
muscles on acromiohumeral distance using NMES
was previously investigated.?” The authors found
that acromiohumeral distance increased during
contraction via NMES of the lower trapezius, serratus
anterior, and the combination of the two muscles. In
addition, the restoration of parascapular muscles for
scapular control was recommended as the strategy to
restore the shoulder function with exercise. Therefore,
in a conservative approach, correcting neuromuscular
control of the scapular muscles is crucial. In the light
of these data, our findings suggested that NMES might
be an important factor for the treatment of SIAS.

Currently, there is a vast number of instruments
for measuring function of the shoulder and upper
extremity. The MCID of an outcome measure is the
minimum change in a score which indicates a change
in disability.” Our study highlights the importance of
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a clinically important difference, as DASH and ASES
scores statistically significantly improved. We used the
self-report section of ASES similar to Mulligan et.
In their study, axioscapular and rotator cuff exercises
led to a significant improvement and the authors
used the ASES as an outcome measure. Similarly, in
our patients, the mean ASES scores decreased in the
both groups with a clinically significant decline in the
mobilization group.

The main limitations of our study include that
the results were limited to follow-up outcomes of
12 sessions of training only and our sample size was
diminished due to a dropout rate of 4.76%. However,
the main strength of our study includes its prospective,
randomized-controlled design.

In conclusion, both mobilization and supervised
exercises combined with NMES are effective for the
treatment of patients with SAIS. In this study, we were
able to compare both therapies from various aspects
as the sole interventions, not as an add-on treatment
modality. However, further large-scale, prospective,
randomized studies are needed to confirm whether
these trends in improvement are dependable.
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