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Abstract
Introduction. Neck dissection (Nd) operations are performed to treat known metastatic neck illness. These operations have 
been associated with chronic neck and shoulder problems. in patients who have had a Nd, adhesive capsulitis (AC) is one of 
the causes of shoulder dysfunction.
Methods. Forty patients with AC following modified radical neck dissection (MRNd) surgeries were chosen at random and 
divided into two groups of equal size. The low-level laser therapy (LLLT) group (group A) received LLLT with: wavelength – 830 nm, 
output – 50 mw, maximum frequency – 5000 Hz, pulse duration – 50 ns, and average dose – 9 J/cm2 for 20 min, plus traditional 
physical therapy (mobilisation technique, myofascial release, range of motion (RoM), and strengthening exercises) for 30 min. 
The proprioceptive neuromuscular facilitation (PNF) group (group B) received PNF for 25–30 min in addition to traditional physical 
therapy. The treatment period was 3 times each week and lasted for eight weeks. The discomfort in the shoulder was measured 
using the visual analogue scale (VAS). Shoulder impairment and pain were assessed by the SPAdi scale and the shoulder 
ranges of motion were assessed using the universal goniometer technique. All measures were taken before and after the in-
tervention.
Results. The findings reveal that there was a significant enhancement in all variables in both groups A and B after therapy 
compared to before the treatment (p < 0.001). After therapy, there were no obvious changes in the VAS and SPAdi values among 
the groups (p > 0.05). However, statistical analysis showed significant improvement in the PNF group (group B) in shoulder flexion, 
abduction and external rotation in comparison to that of the LLLT group (group A) after treatment (p < 0.001).
Conclusions. PNF proved to be more effective than LLLT in increasing RoM but was as effective as LLLT in decreasing shoulder 
pain and dysfunction in AC post Nd surgery.
Key words: pneck dissection surgery, adhesive capsulitis, proprioceptive neuro muscular facilitation, low-level laser therapy

Correspondence address: Naiera Sabry Mohammed Shams, damanhour Medical National institute, El-Gomhoria St, damanhour, Al-Behira, 
Egypt, e-mail: dr_naiera@yahoo.com 

Received: 05.06.2022
Accepted: 08.09.2022

Citation: Shams NSM, Sherif RA, Saafan Ki. Effect of proprioceptive neuromuscular facilitation versus low level laser therapy on shoulder 
adhesive capsulitis post-neck dissection surgery. Physiother Quart. 2024;32(1):111–116; doi: https://doi.org/10.5114/pq.2024.135423.

Physiotherapy Quarterly (ISSN 2544-4395)  
2024, 32(1), 111–116

© Wroclaw University of Health and Sport Sciences

Introduction

Neck dissection (Nd) is a common procedure for treating 
malignant growth of the head and neck caused by squamous 
cell carcinoma [1]. Neck dissections (Nds) are classified ac-
cording to the structures removed [2]. Radical neck dissec-
tion (RNd) is one of these categories, which requires the re-
moval of lymph nodes from one region of the neck, and also 
sternocleidomastoid muscle, major vein (internal jugular vein), 
as well as a nerve that governs the movement of the arm and 
shoulder, the spinal accessory nerve (SAN), whereas modi-
fied radical neck dissection (MRNd) entails the removal of 
structures similar to classical selective neck dissection (SNd), 
but with the preservation of one or more of the key extra nodal 
structures (SAN, sternocleidomastoid muscle, and internal 
jugular vein) [3,4]. SNd also describes any sort of cervical 
lymphadenectomy in which one or more lymph node groups 
are preserved after RNd [4]. during Nds, it has been dem-
onstrated that sacrificing the SAN causes shoulder illness 
plus common shoulder disease, which is identified by limi-
tation in motion and discomfort in the shoulder and neck; 
preserving SAN reduces the above and resolves the shoulder 
disease [5]. The risks and benefits of lateral neck dissection 
(LNd) must be considered and reevaluated by considering 
both the oncologic outcomes and complication rates [6]. Shoul-
der and neck pain may influence patients’ condition of living 
for at least one year after the neck surgery, according to van 

Wilgen et al. [7]. infection, thrombosis, chyle leak, and heart 
issues are common early postoperative consequences. The 
most prevalent symptoms are neck discomfort and tightness, 
reduced shoulder and cervical ranges, lymphedema, a de-
crease in mouth opening, and swallowing issues. in relation 
to severity RNd results in the most significant modifications to 
neck and shoulder movement, whereas SNd results in the 
least. Adequate exposure needs extensive manipulation of 
the SAN, resulting in its injury, which may explain why tra-
pezius muscle dysfunction occurs in only a small fraction of 
patients after a SNd. during Nd, the nerve is tractioned in the 
neck along its whole length, even though the nerve is intact. 
if the SAN is not cut, the dysfunction may be reversible; how-
ever, it may take a few months for adhesive capsulitis (AC) to 
return to normal function. Shoulder joint function improves 
with MRNd and SNd compared to RNd [8, 9]. As a result of 
this procedure, long-term shoulder difficulties have emerged 
following surgery [10]. Shoulder dysfunction or AC and pain 
occur in 20–60% of patients after various types of Nds [8]. 
Shoulder pain, droop, and impairment of active shoulder range 
of motion (RoM) were the most frequently reported conse-
quences of Nd. Shoulder pain was slightly more common 
following RNd than after MRNd, and much more common 
than after SNd (9–25%). Shoulder droop was shown to be 
more common in RNd (44–100%) and MRNd (0–30%) than 
in SNd (13%). Furthermore, shoulder abduction was de-
creased in RNd of one neck side (92–94%), RNd of both 
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sides of the neck (100%), and MRNd (23%) [11], due to fibro-
sis and eventual rigidity of the glenohumeral joint capsule, 
causing AC, which is defined as a painful disorder causing 
a gradual loss of active and passive glenohumeral motion [12]. 
The pain is described as a dull, poorly localised aching that 
can migrate to the biceps, which can cause stiffness and pain. 
Reduced RoM in forward flexion, abduction and external 
rotation is the most common symptom of AC. in severe dis-
ease, observing a patient’s stride indicates a lack of the nor-
mal arm motion that happens when walking [13].

AC can be managed pharmacologically by medication, 
such as oral steroid treatment and intra-articular steroid injec-
tions, non-pharmacologically using cryotherapy, transcuta-
neous electrical nerve stimulation (TENS), low-level laser ther-
apy (LLLT), activity modification, moderate RoM exercises 
and proprioceptive neuromuscular facilitation (PNF) or it can 
be managed by surgical treatment using arthroscopy capsu-
lotomy, which is performed on patients for whom non-oper-
ative treatment has failed [14, 15]. LLLT is a non-invasive, 
non-thermal treatment option for a variety of musculoskeletal 
disorders [16]. The capacity of photoreceptors on the sub-
cellular level to react to visible red as well as near-infrared 
wavelengths is crucial to the mechanism of action. Stimulat-
ing such receptors affects the electron transport chain, the 
respiratory chain, and oxidation, resulting in an increase in 
cellular metabolic activities [17]. By lowering oxidative stress 
or limiting axonal transit, laser has been shown to alleviate 
muscle discomfort. Furthermore, the laser aids tendon mend-
ing and collagen formation found in the ligaments of the gle-
nohumeral joint as well as the synovia, which is greatly re-
duced in AC, resulting in mobility restriction [18]. PNF is 
a technique that uses intrinsic receptors to stimulate and im-
prove neuromuscular structures. This stretching method was 
created to decrease muscle stretching encouragement while 
boosting inhibition. it is a therapeutic strategy that uses four 
theoretical mechanisms to improve RoM and muscle activa-
tion: autogenic inhibition, reciprocal inhibition, stress relaxa-
tion, and the gate control theory. PNF techniques, particularly 
those that combine reciprocal activation of the agonist and 
antagonist to the intended motion, offer the most promise for 
improving muscle function, joint coordination, and movement 
control. This is performed through therapist monitoring and 
rotational diagonal movement patterns caused by a variety of 
stimuli. Autogenic inhibition (post-isometric relaxation) acti-
vates the Golgi tendon organs, which transmit an inhibitory 
signal towards the inhibitory interneurons in the spinal cord 
through ib afferent nerve fibres when PNF procedures are 
used. These inhibitory interneurons also inhibit the alpha mo-
tor neuron in the same muscle, allowing the muscle to be in 
a resting position. The need for this research arose from 
a deficiency of quantitative data and information in previous 
studies evaluating the influence of LLLT on frozen shoulder 
following Nd operations versus PNF. This study may help in 
planning appropriate treatments for decreasing the conse-
quences of AC following Nd operations by providing instruc-
tions on the treatment modalities of LLLT and the effect of 
PNF on shoulder AC symptoms.

Subjects and methods

Forty patients suffering from shoulder AC after neck dis-
section surgeries participated in this study. The individuals 
were sent to our outpatient clinic at damanhour Medical Na-
tional institute by the damanhour oncology Center and were 
divided into two groups of similar size. The study included 
patients who involved the following requirements: (1) Both 
sexes with age ranging from 25 to 65 years old with shoulder 

AC after MRNd procedures, (2) All the patients had shoulder 
pain and impairment after MRNd surgery, (3) All the patients 
had moderate-to-severe pain (VAS > 4), and (4) informed 
consent was obtained from all patients enrolled in the trial. 
The following were the criteria for exclusion: (1) There is 
a wound in the affected area, (2) A lesion in the cervical disc, 
(3) Spondylolisthesis or a fracture in the cervical spine, (4) 
Chronic inflammatory disease that affects the joints, and (5) 
Epilepsy or any psychological disorders.

design

Using the envelope approach, the patients in this study 
were randomised into two groups of equal size. The full na-
ture of the investigation was given, and informed consent was 
obtained. Patients who agreed to participate in the study 
were given cards with the words ‘LLLT’ or ‘PNF’ written on 
them, which were sealed in envelopes and given to a blinded 
physical therapist to choose one of the envelopes. Based on 
the selected card, patients were assigned to the appropriate 
group. The start dates for the allocated therapy were set, and 
treatment began. The examiner was not informed which ther-
apy each patient was assigned. Patients were requested not 
to tell the physical therapist their therapy assignment during 
the evaluation. The participants were instructed to report any 
undesirable effects at any time during the treatment period.

Assessment methods

Visual Analogue Scale (VAS)

The VAS is a subjective, validated measure of acute and 
chronic pain. Handwritten marks on a 10-cm line representing 
a continuum between ‘no pain’ and ‘worst pain’ are used to 
record scores. Patients are then asked to mark that line to 
show their pain level. The final score might range from ‘0’ to 
‘10’ points (no pain to the worst pain) [22].

Universal goniometer assessment

Universal Goniometer is a technique used by physical 
therapists to quantify passive and active (RoM). The meas-
urements are commonly used to detect RoM restrictions, de-
termine relevant therapies, and track therapy success (The 
assessments for shoulder flexion, abduction, and external 
rotation were recorded from a supine lying position) [23].

SPADI scale assessment

The SPAdi scale consists of 13 tasks, each of which is 
assessed on a visual analogue scale ranging from 0 (no pain/
no difficulty) to 10 (worst agony imaginable/so difficult that aid 
was required). The final score might range from 0 to 10 points 
(best to worst) [24]. All patients were assessed at baseline 
and eight weeks after starting treatment.

Treatment

Both groups received a traditional physical therapy pro-
gram for 30 min in the form of: (1) Mobilisation technique, 
specifically distraction, caudal glide, and posterior glide of 
the glenohumeral joint, (2) Myofascial release by releasing the 
underlying connective tissue and fascia, and then rebalanc-
ing the affected muscles and stabilising the bone of the arm 
within the joint, (3) Strengthening exercises for shoulder ab-
ductors, flexors and external rotators, and (4) RoM exer-
cises, such as Codman/pendulum exercise, wall climbing ex-
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ercise and shoulder wheel exercise. Group A received LLLT 
(PR999, Medical italia, italy) with the following parameters: 
wavelength – 830 nm, output – 50 mw, maximum frequency 
– 5000 Hz, pulse duration – 50 ns, and average dose – 9 J/cm2 
for 20 min. Group B received PNF for 25–30 min; this exer-
cise was performed while the patient was sitting in a com-
fortable position, then diagonal pattern 2 was performed as 
follows: First, the flexion pattern: the patient was asked to 
adduct and internally rotate his or her arm with the forearm 
crossing the umbilicus; then the extension pattern: the pa-
tient was asked to open his or her hand and turn it toward 
the face lifting their arm up and out while pointing the thumb 
outwards. diagonal pattern 1 was performed as follows: First, 
the flexion pattern; the patient was asked to move his or her 
arm backwards, away from the body with the palm facing the 
ceiling and wrist and finger flexion; then the extension pat-
tern: the patient was asked to turn his or her palm up, with the 
elbow partially flexed, pulling their arm up, crossing the face. 
The treatment was conducted three times per week for eight 
weeks. during the therapy time, all patients were told not to 
take any additional AC medications.

Statistical analysis

An unpaired t-test was used to compare the age of the 
groups. To compare the sex distribution between the two 
groups, the chi-squared test was used. To make sure the data 
had a normal distribution, the Shapiro–Wilk test was utilised. 
The Levene’s test for value similarity was employed to de-
termine group homogeneity. An unpaired t-test was utilised 
to compare the group mean values of VAS, SPAdi, and 
shoulder RoM. To compare before and after therapy in each 
group, a paired t-test was utilised. All statistical tests were 
performed with a significance threshold of 0.05. All statistical 
analyses were conducted using the Statistical Program for 
Social Studies (SPSS) version 22 for Windows (iBM SPSS, 
Chicago, iL, USA).

Ethical approval
The research related to human use has complied with all 

the relevant national regulations and institutional policies, has 
followed the tenets of the declaration of Helsinki, and has 

been approved by ethical committee at Faculty of Physical 
Therapy Cairo University (approval No.: P.T.REC/012/003499).

Informed consent
informed consent has been obtained from all individuals 

included in this study.

Results

Effect of treatment on VAS, SPAdi and shoulder RoM

Within-group comparison

There was a significant decrease in VAS and SPAdi 
post-treatment compared with that of pre-treatment in both 
groups A and B (p > 0.001). There was also a significant in-
crease in shoulder flexion, abduction and external rotation 
post-treatment compared with that of pre-treatment in both 
groups (p < 0.001).

Between-groups comparison

There was a significant increase in shoulder flexion, ab-
duction and external rotation of group B compared with that 
of group A post-treatment (p < 0.001). However, there was no 
significant difference between groups pre-treatment (p > 0.05). 
Comparison between groups post-treatment revealed non-
significant differences in VAS and SPAdi (p > 0.05).

Table 1 shows patients’ characteristics within both groups. 
There was no notable variation in age or sex distribution 
across groups (p > 0.05).

Table 1. differences in patients’ characteristics between groups

Group A  
mean ± SD

Group B 
mean ± SD

t-value p-value

Age (years) 39 ± 14.09 42.7 ± 13.88 –0.83 0.41

Sex, n (%)

Females 12 (60%) 11 (55%)
( 2 = 0.1) 0.74

Males 8 (40%) 9 (45%)

Before starting therapy, there was no statistical difference between 
groups (p > 0.05).

Table 2. Mean VAS and SPAdi before and after treatment

Group A  
mean ± SD

Group B  
mean ± SD

Md t-value p-value

VAS

Pre-treatment 7.45 ± 1.35 7.1 ± 1.25 0.35 0.84 0.4

Post-treatment 2.1 ± 0.78 2.2 ± 0.95 –0.1 –0.36 0.71

Md 5.35 4.9

% of change 71.81 69.01

t-value 23.01 25.71

p = 0.001 p = 0.001

SPAdi

Pre-treatment 95.75 ± 11.33 91.55 ± 11.18 4.2 1.18 0.24

Post-treatment 21.2 ± 8.54 19.05 ± 10.29 2.15 0.72 0.47

Md 74.55 72.5

% of change 77.86 79.19

t-value 45.26 62.27

p = 00.001 p = 00.001
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Discussion

The main objective of this research was to compare be-
tween the effects of LLLT and PNF on shoulder pain and 
RoM in AC to find the ideal treatment for reducing the com-
plications of AC after MRNd surgeries. The SPAdi and VAS 
score evaluations demonstrated considerable improvements, 
as the percentage of improvement was 71.81% and 77.86%, 
respectively, in the LLL group, and 69.01% and 79.19%, re-
spectively, in the PNF group. There was a significant increase 
in shoulder flexion, abduction and external rotation post-treat-
ment. The changes in shoulder flexion, abduction and exter-
nal rotation in the LLL group were 126.94%, 71.82% and 
22.64%, respectively, and that in the PNF group, 134.36%, 
94.74% and 69.28%, respectively. The VAS and SPAdi scores 
were not significantly different between groups after therapy 
(p > 0.05). However, there was a significant increase in shoul-
der flexion, abduction and external rotation in the PNF group 
compared with that of the LLL group post-treatment (p < 0.001).

These findings suggest that the involvement of exercise 
in PNF is significant in improving RoM as the diagonal move-
ment patterns of PNF can improve mobility, joint synchroni-
sation, and movement control. Single-session therapy using 
PNF methods and patterns, according to olędzka et al. [25], 
can enhance both the active and passive range of shoulder 
mobility, while a single session of local cryotherapy, laser ther-
apy and magnetic field therapy did not enhance the RoM 
or the reduce pain immediately following an intervention in 

research assessing the effectiveness of PNF in improving 
shoulder RoM using the dASH questionnaire in patients with 
subacromial impingement syndrome. The experimental group 
received PNF-based therapy, whereas the control group re-
ceived local cryotherapy, laser therapy and magnetic field 
therapy, followed by single-session PNF therapy. The aver-
age active shoulder flexion, abduction, and external rotation 
were all enhanced in the PNF group by 15 degrees, 13 de-
grees, and 8 degrees, respectively, while passive shoulder 
flexion, abduction, and external rotation were raised by 14 
degrees, 18 degrees, and 7 degrees, respectively. The pain 
was decreased in 73% of cases receiving local cryotherapy, 
laser therapy and magnetic field therapy, but there was no 
significant RoM improvement. Akbaş et al. [26] undertook 
similar comparative research where patients with AC received 
upper extremity and scapular PNF treatment 5 times a week 
for a total of fifteen sessions. The severity of pain during ac-
tivity decreased in both groups, whereas shoulder flexion and 
abduction RoM increased significantly in the PNF group (p < 
0.05). Moreover, in the research group, pain was greatly re-
duced (p < 0.05), while remaining unchanged in the control 
group (p > 0.05). Both groups’ SPAdi scores dropped signifi-
cantly (p < 0.05). The findings revealed that PNF patterns 
contribute significantly to an improvement of pain and flexion 
and abduction RoM in patients with shoulder problems, sug-
gesting that including PNF applications into an AC therapy 
protocol might improve the outcomes. Recently, Lin et al. [27] 
evaluated the effect of PNF on the treatment of frozen shoul-

Table 3. Mean shoulder RoM before as well as after treatment

RoM (degrees)
Group A 

mean ± SD
Group B 

mean ± SD
Md t-value p-value

Flexion

Pre-treatment 68.85 ± 16.33 72.75 ± 12.54 –3.9 –0.84 0.4

Post-treatment 156.25 ± 7.04 170.5 ± 7.76 –14.25 –6.07 0.001

Md –87.4 –97.75

% of change 126.94 134.36

t-value –33.1 –60.2

p = 0.001 p = 0.001

Abduction

Pre-treatment 55 ± 14.95 57 ± 16.17 –2 –0.41 0.68

Post-treatment 94.5 ± 13.36 111 ± 16.82 –16.5 –3.43 0.001

Md –39.5 –54

% of change 71.82 94.74

t-value –41.45 –29.42

p = 0.001 p = 0.001

External rotation

Pre-treatment 39.75 ± 6.33 38.25 ± 5.24 1.5 0.81 0.41

Post-treatment 48.75 ± 7.23 64.75 ± 8.34 –16 –6.47 0.001

Md –9 –26.5

% of change 22.64 69.28

t-value –12.46 –17.79

p = 0.001 p = 0.001
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der through a pilot randomised controlled trial using magnetic 
resonance imaging (MRi) observation to assess the improve-
ment of the local structure of the shoulder joint, and reported 
that the PNF technique was more helpful in relieving the pain 
and restoring the joint structure of patients with frozen shoul-
der compared to traditional manual therapy. Because scap-
ular kinematics is disrupted in AC patients, PNF therapy has 
been shown to be more effective in repairing abnormal modi-
fications in the shoulder joint’s anatomy. The PNF technique 
also emphasises diagonal movements that activate the body’s 
proprioceptors, encourage appropriate neuromuscular re-
sponses, and improve muscle contraction capacity. Previous 
research reinforces the findings of this study, showing sub-
stantial shoulder RoM improvements in the PNF group com-
pared to the LLLT group post-treatment [20, 27].

in this study, both techniques reduced shoulder discom-
fort. The gate control hypothesis could explain one possible 
mechanism for pain reduction in PNF approaches, as afferent 
inputs from muscle spindles, joints, tendons, and capsules 
throughout PNF movements might impede pain conduction 
at the dorsal grey horn laminae of the spinal cord [19–21]. 
The capacity of LLLT to enhance capillary permeability may 
explain its analgesic and anti-inflammatory benefits on AC. 
The analgesic effect of LLLT is attributed to an increase in 
endogenous opioids, such as endorphins, which function to 
block pain centrally [28]. Some studies presented consent, 
and others indicated contrary findings with the effect of LLLT 
on pain. Recently, Ezzati et al. [29] approved that the LLLT 
showed better analgesic effects than normal physical therapy. 
However, the effects on RoM, muscle thickness, and func-
tion were insignificant in the short term and one-month fol-
low-up. Furthermore, according to ip et al. [30], LLLT seems 
to be a realistic solution for the conservative management of 
shoulder discomfort in the elderly, caused by AC of the shoul-
der, with a clinical efficacy in the short and medium term, with 
a good clinical result of more than 90%. Also, Baireddy et al. 
[31] concluded that using LLLT along with Maitland’s mobili-
sation therapy achieved significant improvement in the gle-
nohumeral RoM, VAS and SPAdi score.

Limitations

There were no side effects or adverse effects of the treat-
ment in this study, however, the study was limited by the small 
sample size and absence of follow-up, which could provide 
a more robust statistical analysis. Variations in skills and expe-
rience among oncology surgeons, possible human errors in 
measurement or therapeutic procedures, and patients’ co-
operation during the treatment were all factors that could 
limit this study.

Conclusions

PNF was more effective than LLLT in increasing RoM but 
was as effective as LLLT in decreasing pain and improving 
function of the shoulder joint in patients with AC post-Nd 
surgery.

Acknowledgements
We appreciate and thank all the physical therapists and 

assistants who helped with patient care and data collection. 
We would also like to thank all the patients who took part in 
the therapy.

Disclosure statement
No author has any financial interest or received any finan-

cial benefit from this research.

Conflict of interest
The authors state no conflict of interest.

Funding
This research received no external funding.

References
1. Hughes dT, Rosen JE, Evans dB, Grubbs E, Wang TS, 

Solórzano C. Prophylactic central compartment neck 
dissection in papillary thyroid cancer and effect on locore-
gional recurrence. Ann Surg oncol. 2018;25(9):2526–
2534; doi: 10.1245/s10434-018-6528-0.

2. dundar Y, Mandle Q, Raza SN, Lin HS, Cramer J, Ho-
taling JM. Submandibular gland invasion by oral cavity 
cancers: a systematic review. otolaryngol Head Neck 
Surg. 2019;161(2):227–234; doi: 10.1177/0194599819 
838475.

3. Kamel FH, Basha M, Alsharidah A, Hewidy iM, Ezzat M, 
Aboelnour NH. Efficacy of extracorporeal shockwave 
therapy on cervical myofascial pain following neck dis-
section surgery: a randomized controlled trial. Ann Re-
habil Med. 2020;44(5):393–401; doi: 10.5535/arm.20055.

4. Suárez C, Rodrigo JP, Robbins KT, Paleri V, Silver CE, Ri-
naldo A, et al. Super selective neck dissection: rationale, 
indications, and results. Eur Arch otorhinolaryngol. 2013; 
270(11):2815–2821; doi: 10.1007/s00405-012-2344-5.

5. Anehosur V, Kulkarni K, Kumar N. Variations in the anat-
omy of spinal accessory nerve and its landmarks for 
identification in neck dissection: a clinical study. J Maxillo-
fac oral Surg. 2021;20(3):426–431; doi: 10.1007/s12663 
-021-01542-z.

6. Stack BC Jr, Ferris RL, Goldenberg d, Haymart M, 
Shaha A, Sheth S, et al. American Thyroid Association 
consensus review and statement regarding the anatomy, 
terminology, and rationale for lateral neck dissection in 
differentiated thyroid cancer. Thyroid. 2012; 22(5):501–
508; doi: 10.1089/thy.2011.0312.

7. van Wilgen CP, dijkstra PU, van der Laan BFAM, Pluk-
ker JT, Roodenburg JLN. Morbidity of the neck after head 
and neck cancer therapy. Head Neck. 2004;26(9):785–
791; doi: 10.1002/hed.20008.

8. Gane EM, McPhail SM, Hatton AL, Panizza BJ, o’Leary 
SP. The relationship between physical impairments, 
quality of life and disability of the neck and upper limb in 
patients following neck dissection. J Cancer Surviv. 2018; 
12(5):619–631; doi: 10.1007/s11764-018-0697-5.

9. Kline-Quiroz C, Sharma R, Stubblefield Md. Cancer Re-
habilitation: optimizing Function for Cancer Survivors. 
in: Lidia Schapira (ed.) Essentials of Cancer Survivorship. 
A Guide for Medical Professionals. CRC Press; 2021: 
194–208.

10. Howren MB, Christensen AJ, Karnell LH, Funk GF. Psy-
chological factors associated with head and neck cancer 
treatment and survivorship evidence and opportunities 
for behavioral medicine. J Consult Clin Psychol. 2013; 
81(2):299–317; doi: 10.1037/a0029940.

11. Baldoman d, Vandenbrink R. Physical therapy challenges 
in head and neck cancer. Cancer Treat Res; 2018; 174: 
209–223; doi: 10.1007/978-3-319-65421-8_12.

12. Ladd LM, Crews M, Maertz NA. Glenohumeral Joint in-
stability: a review of anatomy, clinical presentation, and 
imaging. Clin Sports Med. 2021 oct; 40(4):585–599; doi: 
10.1016/j.csm.2021.05.001.

https://www.liebertpub.com/doi/10.1089/thy.2011.0312?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed


N.S.M. Shams, R.A. Sherif, K.i. Saafan  
PNF vs LLLT on shoulder AC post NDS

116

 
Physiother Quart 2024, 32(1)

13. Ramirez J. Adhesive capsulitis: diagnosis and manage-
ment. Am Fam Physician. 2019;99(5):297–300.

14. d’orsi GM, Via AG, Frizziero A, oliva F. Treatment of ad-
hesive capsulitis: a review. Muscles Ligaments Tendons 
J. 2012;2(2):70–78.

15. Awotidebe AW, inglis-Jassiem G. Young T. Low-level la-
ser therapy and exercise for patients with shoulder dis-
orders in physiotherapy practice, a systematic review 
protocol. Syst Rev. 2015; 4:60; doi: 10.1186/s13643-
015-0050-2.

16. Afzal A, Ramlee MH. Low level laser therapy and its ef-
fects on different musculoskeletal conditions. in: 2020 
4th international Symposium on Multidisciplinary Stud-
ies and innovative Technologies (iSMSiT); 2020;1–4.

17. Sonesson M, de Geer E, Subraian J, Petren S. Efficacy 
of low-level laser therapy in accelerating tooth movement, 
preventing relapse and managing acute pain during or-
thodontic treatment in humans: a systematic review. 
BMC oral Health. 2017;17(1):11; doi: 10.1186/s12903-
016-0242-8.

18. Soliman AS, Mahmoud AM, Serry ZMH, dawood FG. 
Therapeutic effects of low-level laser and reflexology on 
adhesive capsulitis in elderly type 2 diabetic patients. 
Asian J Pharm Clin Res. 2014;7(5):317–321.

19. Balci NC, Yuruk Zo, Zeybek A, Gulsen M, Tekindal MA. 
Acute effect of scapular proprioceptive neuromuscular 
facilitation (PNF) techniques and classic exercises in ad-
hesive capsulitis: a randomized controlled trial. J Phys 
Ther Sci. 2016;28(4):1219–1227; doi: 10.1589/jpts.28. 
1219.

20. Tedla JS, Sangadala dR. Proprioceptive neuromuscular 
facilitation techniques in adhesive capsulitis: a systemat-
ic review and meta-analysis. J Musculoskelet Neuronal 
interact. 2019;19(4):482–491.

21. Jung J, Chung Y. Effects of combining both mobilization 
and hold-relax technique on the function of post-surgical 
patients with shoulder adhesive capsulitis. Phys Ther Re-
habil Sci. 2020;9(2):90–97; doi: 10.14474/ptrs.2020.9.2.90.

22. delgado dA, Lambert BS, Boutris N, McCulloch PC, 
Robbins AB, Moreno MR, et al. Validation of digital vis-
ual analog scale pain scoring with a traditional paper-
based visual analog scale in adults. J Am Acad orthop 
Surg Glob Res Rev. 2018;2(3):e088; doi: 10.5435/JAA 
oSGlobal-d-17-00088.

23. Kolber MJ, Fuller C, Marshall J, Wright A, Hanney WJ. 
The reliability and concurrent validity of scapular plane 
shoulder elevation measurements using a digital incli-
nometer and goniometer. Physiother Theory Pract. 2012; 
28(2):161–168; doi: 10.3109/09593985.2011.574203.

24. Marchese C, Cristalli G, Pichi B, Manciocco V, Mercante G, 
Pellini R, et al. italian cross-cultural adaptation and vali-
dation of three different scales for the evaluation of shoul-
der pain and dysfunction after neck dissection: Univer-
sity of California- Los Angeles (UCLA) Shoulder Scale, 
Shoulder Pain and disability index (SPAdi) and Simple 
Shoulder Test (SST). Acta otorhinolaryngol ital. 2012; 
32(1):12–17.

25. olędzka M, Jaczewska-Bogacka J. Effectiveness of pro-
prioceptive neuromuscular facilitation (pnf) in improving 
shoulder range of motion: a pilot study. ortop Traumatol 
Rehabil. 2017;19(3):285–292.

26. Akbaş E, Güneri S, Taş S, Erdem EU, Yüksel i. The ef-
fects of additional proprioceptive neuromuscular facili-
tation over conventional therapy in patients with adhesive 
capsulitis. Turk J Physiother Rehabil. 2015; 26(2):78–85; 
doi 10.7603/s40680-15-0012-6.

27. Lin P, Yang M, Huang d, Lin H, Wang J, Zhong C, Guan L. 
Effect of proprioceptive neuromuscular facilitation tech-
nique on the treatment of frozen shoulder: a pilot rand-
omized controlled trial. BMC Musculoskelet disord. 2022; 
23(1):367; doi: 10.1186/s12891-022-05327-4.

28. Rubira APFdA, Rubira MC, Rubira LdA, Comachio J, 
Magalhães Mo, Marques AP. Comparison of the effects 
of low-level laser and pulsed and continuous ultrasound 
on pain and physical disability in chronic nonspecific low 
back pain: a randomized controlled clinical trial. Adv Rheu-
matol. 2019;59(1):57; doi: 10.1186/s42358-019-0099-z.

29. Ezzati K, Salari A, Khani S, Aris A. The Effects of photo-
biomodulation on shoulder pain, muscle thickness, and 
function in subjects with adhesive capsulitis. Caspian J 
Neurol Sci. 2022;8(2):90–97.

30. ip d, Fu N-Y. Two-year follow-up of low-level laser therapy 
for elderly with painful adhesive capsulitis of the shoul-
der. J Pain Res. 2015;8:247–252; doi: 10.2147/JPR.
S84376.

31. Baireddy S, Nelakurthy S. A study to find out efficacy of 
ultrasound with Maitland’s mobilization versus low level 
laser with Maitland’s mobilization in management of ad-
hesive capsulitis. int J Multidisciplinary Educ Res. 2020; 
9(11/2):30–40.

Copyright: © 2024 Wroclaw University of Health and Sport Sciences. This is an open Access journal distributed under the terms of the Creative 
Commons Attribution-NonCommercial-Noderivs (CC BY-NC-Nd) (https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode), allowing 
third parties to download and share its works but not commercially purposes or to create derivative works.

https://doi.org/10.14474/ptrs.2020.9.2.90

