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Abstract
Background: Pain and weakening of muscle strength are the most important problems in orthopedic patients. Isometric movements are effective in reducing these problems. Due to the lack of studies in this field, this study was conducted with the aim of
investigating the effect of isometric movements on pain control and muscle strength reversal of lower limb fractures.
Methods: This clinical trial was carried out in 120 patients aged 15 - 49 years suffering from lower limb fracture admitted to the
Shahid Beheshti hospital of Sabzevar in 2016 with random allocation to intervention and control groups. In the intervention group,
physiotherapy was performed by isometric movements four hours after the surgery and then, up to five consecutive days, each day
four times of half an hour. The amount of pain and reversing muscle strength was investigated before and after the intervention in
both groups. STATA 11 software was used to analyze the data at a significance level of 0.05.
Results: In the intervention and control groups, there were 83% and 85% males, 17%, and 15% females, respectively. The age groups
of 40 - 49 years (37%) and 30 - 39 years (35%) were the most frequent. The Wilcoxon test showed a significant difference between the
amount of pain before (6.86 ± 1.18) and after (2.86 ± 1.89) the intervention (P < 0.001). Fischer’s exact test showed a significant
difference between the groups in terms of muscle strength after the intervention (P < 0.001).
Conclusions: Isometric movements exercise is the most effective method for relieving pain and reversing muscle strength, which
can be recommended by orthopedic doctors because it facilitates recovery and accelerates the return to normal life.
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1. Background
Today, societies are seeking to increase the standard of
living and quality of life and life without limitation. Disability is a major public health strategy in advanced countries. Fractures are one of the problems people have been
facing for ages and today they have been increased more
than ever due to the industrial structure of the societies
and the increase of vehicles (1). The fracture of the lower
limb comprises one-third of the total fractures and can
lead to death and disability (2). Men in the age of 30 - 36 and
women in the age of 50 - 60 have the highest frequency of
fractures (3). Orthopedic surgeries can cause severe pain
(4). Effective management of postoperative pain is now
part of the surgical process, which not only makes the patient comfortable but also reduces mortality (5).
Inadequate postoperative pain relief can lead to long
recovery, prolonged hospitalization, increased hospital
costs, and reduced patient satisfaction, and if it is not

treated, problems such as increased postoperative bleeding, increased oxygen consumption, and increased infarction will occur (6). About 80% of patients experience moderate to severe pain after surgery (7). Approximately, 53
million surgical procedures are performed annually in the
United States, with 30% of the patients suffering from mild
pain, 30% moderate pain, and 40% severe pain after the operation (8). For centuries, physicians have been using narcotic drugs to reduce acute pain, but their side effects, such
as respiratory suppression, nausea and vomiting, constipation, seizure, and possibly addiction, reduce their effective
usage (9).
It is unclear why little progress has been made in the
treatment of postoperative pain, but its causes may be several factors, including inadequacy of assessment and the
effect of pain, lack of specific post-surgical pain written instructions, deficiencies in programs for pain management
training for healthcare workers, low utilization of ineffi-
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cient techniques, and weak adherence to existing strategies (10).
Today, the use of multi-model pain relief is recommended for the effective control of postoperative pain (11).
One of the effective methods for reducing postoperative
pain in fractures is the use of isometric movements. By
using physical, mechanical, special techniques, and medical exercises associated with the knowledge of muscle
anatomy, joints, and nerves, one can reduce muscle and
joint pains, muscle spasm, inflammation and swelling and
accelerate the process of tissue repair, patient independence, as soon as possible, and prevention of recurrence
(12). The motion of the patient’s limb after a fracture in a
constant condition causes the joints of that limb to move,
thereby causing dryness and limitation of movement, that
is, after the fracture and discharging of the patient from
the hospital, it is possible even by performing physiotherapy exercises, joint movements cannot return to the initial state (13). Motionlessness causes muscle weakness
and atrophy. After fracture fusion, the patient must perform long-term medical exercises so that his/her muscle
strength reaches the pre-fracture level. The least problem
is the length of treatment. After fracture surgery, the patient can move the joints, causing the muscles of the organ
to move through the therapy (14).
Studies have shown that only six months after a proximal femoral fracture, only half of the subjects got their previous performance (15). Motor constraints are very common and are mostly due to muscle weakness, with a break
in the strength as 20% less than the strength of a healthy
foot in the period of 3 - 36 months after the fracture (16).
Another study suggests that people with hip fractures who
had isometric exercises and some types of physiotherapies
physically improved faster and experienced a higher quality of life (17). Post-fracture pain can delay the recovery
process and cause an interruption in supportive care and
walk. A study found that nerve stimulation through the
skin significantly reduced pain and improved patient function (18).
Considering the use of multidimensional analgesics
for their effective pain control, and also the need for rapid
return of the patient to the pre-fracture condition in order
to prevent more damage and more lifespan, the aim of this
study was to investigate the effect of isometric movements
on pain relief and reversing muscle strength in patients
undergoing a fracture surgery in lower extremities.

2. Methods
This study is a parallel two-group pretest-posttest
single-blind clinical trial registered with code
2

IRCT2015070216221N3.
The research population consisted of patients aged 15 - 49 who suffered from lower
limb fractures admitted to Shahid Beheshti hospital in
Sabzevar in 2016-2017. The inclusion criteria were all patients with lower limb trauma aged 15 - 49 years old. The
exclusion criteria included a history of surgery, addiction,
diabetes, cardiovascular and other chronic diseases. This
study was approved by the ethics committee of research
and technology of Sabzevar University of Medical Sciences
(IR code medsab.rec.1394.38). The ethical considerations
included the following: getting informed consent from
patients, explaining the goal of the study and its advantages and disadvantages to them, and ensuring the
confidentiality of information. The data-gathering tools
were a questionnaire and two scales for the measurement
of pain and muscle strength. Demographic data of the
research units were recorded in the questionnaire. To
measure the pain, the numeric pain rating scale (NPRS),
which is a unidimensional measure of pain intensity in
adults, was used. The respondent selects a number (0 - 10)
that reflects the intensity of his/her pain with the score ‘0’
representing no pain to the score ‘10’ representing pain as
bad as possible or worst pain imaginable (19). Construct
validity showed NPRS is highly correlated with the VAS,
with correlations ranging from 0.86 to 0.95, along with
a good reliability (Intra-rater reliability = 0.74, test-retest
r = 0.70, and Cronbach’s alpha = 0.88) (20). The muscle
strength was evaluated by a physiotherapist using a standard scale of manual muscle. The muscle strength is rated
on a five-point scale as normal, good, moderate, weak, and
poor.
The patients were selected by convenience sampling
and divided into two intervention and control groups by
random allocation using four-way perverted blocks. To obtain the sample size, based on previous studies (21) and 95%
confidence interval, 54 people were calculated for each
group. With the probability of 12% attrition rate, this number increased to 60 in each group. Therefore, finally, 60 patients were entered in the intervention group and 60 patients in the control group.
Data collection was cried out with interviews with patients and physicians, as well as extraction from medical
records. The patients were asked questions about the history of the disease and the underlying diseases. Four hours
after the surgery, as a pretest, the severity of pain was assessed by a person and muscle strength by a skilled physiotherapist while both assessors were blinded to patient allocation. Then, the first session of physical therapy was performed by the physiotherapist as isometric motion in half
an hour for the affected organ in the intervention group.
The next sessions consisted of four times of isometric exercise per day for five consecutive days while each time it
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took 30 minutes. The severity of pain and muscle strength
of the affected organ was assessed at the end of the last session as a posttest. There was no intervention in the control group and only the severity of muscle pain and muscle strength was evaluated four hours after the surgery and
similar to the intervention group on the fifth day of operation. Data were analyzed by STATA version 11 software
with t-test, exact Fisher, Wilcoxon, Mann-Whitney, and covariance. The significance level was considered 0.05. To
describe the quantitative variables, we used the mean and
standard deviation. In this study, physical therapy was
managed by a skilled physiotherapist in the intervention
group and another person as assessor evaluated the severity of pain and muscle strength in all patient of the two
groups who were blind to the allocation of patients in the
two groups. Data analyzer was also blinded.

3. Results
According to the findings, the most patients in the intervention group were in the age of 49 - 40 years old and
about 83% were male. In the control group, the highest
frequency belonged to the age of 30 - 39 years and 85% of
the participants were male. There were no significant differences between the two groups based on demographic
characteristics (Therefore, Therefore, the research groups
were homogeneous.
The two groups had a significant difference in pain
score before and after the intervention (P < 0.001), and the
difference between the mean of the two groups was mean-

Table 1. Baseline Demographic Characteristics of Patients with Lower Limb Fractures in the Intervention and Control Groupsa
Variable
Age

Intervention Group

Control Group

P-Value

36.8 ± 3.5

31.4 ± 2

0.054
0.803

Gender
Male

50 (83.3)

51 (85)

Female

10 (16.67)

9 (15)
0.709

Marital status
Single

25 (41.65)

23 (38.33)

Married

35 (58.33)

37 (61.67)

Vacancies

17 (28.33)

15 (25)

3 (5)

12 (20)

0.102

Job

Government
Unemployed
Student
a

8 (13.33)

7 (11.67)

32 (53.33)

26 (43.33)

All values represented as No. (%) or Mean ± SD
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ingful while the covariance test confirmed this meaningfulness (P < 0.001).
After the intervention, in the experimental group,
muscle strength was about 53% at a "good" level, but in the
control group, it was 10% and 65% of the patients reported
the muscle strength at a "moderate" level. There was a statistically significant difference between the two groups in
muscle strength after the intervention (P < 0.001). Therefore, isometric movements improved muscle strength in
the affected limb.

4. Discussion
The most important physiotherapy goals of patients
with orthopedic problems are pain relief, reduced edema
and joint swelling, increased joint range, flexibility of the
tissue, muscle weakness prevention and muscle atrophy in
the early stages, and strengthening the muscles, improving balance, enhancing coordination and creating programs for motor control in later stages (22).
According to the results of this study, the physiotherapy and isometric movements of the lower limb fractures at the first postoperative time reduced the pain
and increased reverse muscle strength. Isometric movements caused constant contractions in the muscles without movement and change in the articular angles. Muscle
contraction on the one side of the body causes analgesia on
the other side of the body expresses the central response to
pain relief (23).
The results of this study are consistent with the results
of some studies. For example, Rhyu et al. (21) after isometric movements for 6 weeks and three times a week
concluded that performing physiotherapy and isometric
movements reduced back pain and increased the function.
In a research study conducted in Isfahan in 2008, it was
concluded that isometric movements were effective in reducing lumbar and pelvic pain in pregnant women (24).
Asgari Ashtiani et al. carried out a research, concluding
that isometric exercises were effective in reducing chronic
neck pain (25). In the year 2013, Qhasemi in Tehran, during
a research, investigated the effect of current physiotherapy training on pain, disability, and muscular endurance
in women with chronic low back pain, which showed a positive effect on pain and disability reduction and muscle endurance (26). Ojoawo et al. (2016) also argued that isometric contraction of the muscle leads to increased strength
and productive power of patients with knee osteoarthritis
(27). Goebel et al. (28) in the study of patients after anterior knee ligament repair surgery performed physiotherapy and isometric contractions for 30 minutes and 5 days a
week. They concluded that this procedure would enhance
3
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Table 2. Comparison of Mean ± SD of Pain Severity before and after the Intervention in the Two Groups
Before, Mean ± SD

After, Mean ± SD

Intervention

6.86 ± 1.18

Control

6.3 ± 0.96
0.004 (Mann U Whitney)

Group

P-value (test)

Test

P-Value

2.86 ± 1.39

Wilcoxon

< 0.001

5.1 ± 1.00

Wilcoxon

< 0.001

< 0.001 (Mann U Whitney)

Covariance

< 0.001

Table 3. Comparison of Muscle Strength in Research Units after Isometric Movementsa
Group

Muscle Strength

P-value

Normal

Good

Moderate

Weak

Intervention

27.00 (45)

32.00 (53.33)

1.00 (1.67)

0.00 (0)

0.00 (0)

Control

3.00 (5)

6.00 (10)

39.00 (65)

12.00 (20)

0.00 (0)

a

< 0.001 (Fischer’s exact test)

All values represented as No. (%)

the strength of the quadriceps muscle that was weakened
by the anterior cruciate ligament repair.
However, some similar studies did not achieve significant effective results. In the study of 9 low back pain patients (29) and also another study in 97 low back pain patients (30), no significant differences were observed between the two groups (Physiotherapy and control). This insignificance can be due to fewer sessions and less time duration of physiotherapy compared to the current study. In
addition, the sample sizes were less in these studies than
in our study.
According to the results of the current study and
other similar studies, rehabilitation interventions, including isometric exercises, can reduce pain, and improve the
functional status of patients. Therefore, rehabilitation is
the most important part of the treatment of fractures,
which begins immediately after treatment. Therefore, it
seems that the initiation of rehabilitation programs in patients with fractures immediately after initial treatment
interventions should be emphasized.
In this study, isometric exercise was effective in pain
relief and reverse muscle strength of patients with lower
limb fracture. Physiotherapy and isometric movements in
patients with lower limb fracture can be recommended by
orthopedic physicians. Further research on other patients
with different fractures and considering other rehabilitation interventions are suggested.

Acknowledgments
This study was approved by the ethics committee of
Sabzevar University of Medical Sciences with code IR code
medsab.rec.1394.38. We thank the support of the deputy
of research and technology of the University and the cooperation of the officials of the Shahid Beheshti hospital.
4

Poor

We would like to thank our dear colleagues who helped us
with this research with IRCT2015070216221N3 code.
Footnotes
Authors’ Contribution: Hossein Khosrojerdi and Ali Tajabadi are first co-authors of this study. Hossein Khosrojerdi and Mehdi Amadani: sampling, Ali Tajabadi: writing
the proposal, Rahim Akrami: data analysis, Moosaalreza Tadayonfar: drafting the manuscript.
Funding/Support: Deputy of research and technology of
Sabzevar University of Medical Sciences funded the study.

References
1. Popescu SM, Diaconu OA, Scrieciu M, Marinescu IR, Draghici EC, Trusca AG, et al. Root fractures: epidemiological, clinical and radiographic aspects. Rom J Morphol Embryol. 2017;58(2):501–6. [PubMed:
28730236].
2. Batista Fdos S, Silveira LO, Castillo JJ, de Pontes JE, Villalobos
LD. Epidemiological profile of extremity fractures in victims
of motorcycle accidents. Acta Ortop Bras. 2015;23(1):43–6. doi:
10.1590/1413-78522015230100998. [PubMed:
26327795]. [PubMed
Central: PMC4544520].
3. Court-Brown CM, Bugler KE, Clement ND, Duckworth AD, McQueen
MM. The epidemiology of open fractures in adults. A 15-year review.
Injury. 2012;43(6):891–7. doi: 10.1016/j.injury.2011.12.007. [PubMed:
22204774].
4. Vannucci L, Fossi C, Gronchi G, Brandi ML. Low-dose diclofenac
in patients with fragility fractures. Clin Cases Miner Bone Metab.
2017;14(1):15–7. doi: 10.11138/ccmbm/2017.14.1.015. [PubMed: 28740519].
[PubMed Central: PMC5505708].
5. Golladay GJ, Balch KR, Dalury DF, Satpathy J, Jiranek WA. Oral
multimodal analgesia for total joint arthroplasty. J Arthroplasty.
2017;32(9):S69–73. doi: 10.1016/j.arth.2017.05.002.
6. Kashefimehr A, Babaloo A, Ghanizadeh M, Ghasemi SH, Mollazadeh
H. Effect of prophylactic administration of Novafen for periodontal surgery on postoperative pain relief. J Med Life. 2017;10(2):127–30.
[PubMed: 28616088]. [PubMed Central: PMC5467253].
7. Wu CL, Raja SN. Treatment of acute postoperative pain. Lancet.
2011;377(9784):2215–25. doi: 10.1016/s0140-6736(11)60245-6.

Med Surg Nurs J. 2018; 7(1):e68104.

Khosrojerdi H et al.

8. Kinkade S. Evaluation and treatment of acute low back pain. Am Fam
Phys. 2007;75(8).
9. Gunther T, Dasgupta P, Mann A, Miess E, Kliewer A, Fritzwanker
S, et al. Targeting multiple opioid receptors - improved analgesics with reduced side effects? Br J Pharmacol. 2018;175(14):2857–
68. doi: 10.1111/bph.13809. [PubMed: 28378462]. [PubMed Central:
PMC6016677].
10. Renkawitz T, Boluki D, Grifka J. The association of low back pain,
neuromuscular imbalance, and trunk extension strength in athletes.
Spine J. 2006;6(6):673–83. doi: 10.1016/j.spinee.2006.03.012. [PubMed:
17088198].
11. Sinha S, Pemmaiah D, Midha R. Management of brachial plexus
injuries in adults: Clinical evaluation and diagnosis. Neurol India.
2015;63(6):918–25. [PubMed: 26588627].
12. MacLeod TD, Manal K, Silbernagel KG, Snyder-Mackler L, Buchanan
TS. Characteristics of human knee muscle coordination during isometric contractions in a standing posture: the effect
of limb task. J Electromyogr Kinesiol. 2013;23(6):1398–405. doi:
10.1016/j.jelekin.2013.05.004. [PubMed: 23790392]. [PubMed Central: PMC4315617].
13. Sluka KA, O’Donnell JM, Danielson J, Rasmussen LA. Regular physical activity prevents development of chronic pain and activation of central neurons. J Appl Physiol (1985). 2013;114(6):725–33. doi:
10.1152/japplphysiol.01317.2012. [PubMed: 23271699]. [PubMed Central: PMC3615604].
14. Kim H, Sandercock TG, Heckman CJ. An action potential-driven model
of soleus muscle activation dynamics for locomotor-like movements.
J Neural Eng. 2015;12(4):46025. doi: 10.1088/1741-2560/12/4/046025.
[PubMed: 26087477]. [PubMed Central: PMC4870066].
15. Portegijs E, Kallinen M, Rantanen T, Heinonen A, Sihvonen S, Alen
M, et al. Effects of resistance training on lower-extremity impairments in older people with hip fracture. Arch Phys Med Rehabil. 2008;89(9):1667–74. doi: 10.1016/j.apmr.2008.01.026. [PubMed:
18760151].
16. Portegijs E, Sipila S, Rantanen T, Lamb SE. Leg extension power
deficit and mobility limitation in women recovering from
hip fracture. Am J Phys Med Rehabil. 2008;87(5):363–70. doi:
10.1097/PHM.0b013e318164a9e2. [PubMed: 18303470].
17. Ziden L, Frandin K, Kreuter M. Home rehabilitation after hip fracture. A randomized controlled study on balance confidence, physical
function and everyday activities. Clin Rehabil. 2008;22(12):1019–33. doi:
10.1177/0269215508096183. [PubMed: 19052241].
18. Gorodetskyi IG, Gorodnichenko AI, Tursin PS, Reshetnyak VK, Uskov
ON. Non-invasive interactive neurostimulation in the post-operative
recovery of patients with a trochanteric fracture of the femur. A randomised, controlled trial. J Bone Joint Surg Br. 2007;89(11):1488–94. doi:
10.1302/0301-620X.89B11.19352. [PubMed: 17998187].
19. Hawker GA, Mian S, Kendzerska T, French M. Measures of adult pain:
Visual Analog Scale for Pain (VAS Pain), Numeric Rating Scale for
Pain (NRS Pain), McGill Pain Questionnaire (MPQ), Short-Form McGill

Med Surg Nurs J. 2018; 7(1):e68104.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Pain Questionnaire (SF-MPQ), Chronic Pain Grade Scale (CPGS), Short
Form-36 Bodily Pain Scale (SF-36 BPS), and Measure of Intermittent
and Constant Osteoarthritis Pain (ICOAP). Arthritis Care Res (Hoboken).
2011;63 Suppl 11:S240–52. doi: 10.1002/acr.20543. [PubMed: 22588748].
Ferreira-Valente MA, Pais-Ribeiro JL, Jensen MP. Validity of four
pain intensity rating scales. Pain. 2011;152(10):2399–404. doi:
10.1016/j.pain.2011.07.005. [PubMed: 21856077].
Rhyu HS, Park HK, Park JS, Park HS. The effects of isometric exercise types on pain and muscle activity in patients with low back
pain. J Exerc Rehabil. 2015;11(4):211–4. doi: 10.12965/jer.150224. [PubMed:
26331136]. [PubMed Central: PMC4548678].
Cadore EL, Casas-Herrero A, Zambom-Ferraresi F, Idoate F, Millor
N, Gomez M, et al. Multicomponent exercises including muscle
power training enhance muscle mass, power output, and functional outcomes in institutionalized frail nonagenarians. Age (Dordr).
2014;36(2):773–85. doi: 10.1007/s11357-013-9586-z. [PubMed: 24030238].
[PubMed Central: PMC4039263].
Choi YL, Kim BK, Hwang YP, Moon OK, Choi WS. Effects of isometric exercise using biofeedback on maximum voluntary isometric contraction, pain, and muscle thickness in patients with knee osteoarthritis. J Phys Ther Sci. 2015;27(1):149–53. doi: 10.1589/jpts.27.149. [PubMed:
25642061]. [PubMed Central: PMC4305548].
Mirbad SM, Sarami H, Mortazi F, Zarin Moghadam M. [The effect of
isometric exercises on reduction of back and hip pains in pregnant
women in Isfahan]. Res Rehab Sciences. 2011;7(5):621–32. Persian.
Asgari-Ashtiani AR, Ebrahimi-Takmajani E, Torkaman G, Amiri M, Mohammadi M. The effects of stabilization exercises and maximum isometric exercises on fear avoidance of belief in chronic non-specific
neck pain. Arch Rehab. 2014;15(2):22–31.
Ghasemi F, Shojaedin S. Effect of combined common exercise physiotherapy on pain, disability and endurance on trunk flexor and extensor muscles in employed women with non-specific chronic low back
pain. J polit med. 2014;4(2):231–8.
Ojoawo AO, Olaogun MO, Hassan MA. Comparative effects of proprioceptive and isometric exercises on pain intensity and difficulty in
patients with knee osteoarthritis: A randomised control study. Technol Health Care. 2016;24(6):853–63. doi: 10.3233/THC-161234. [PubMed:
27434280].
Goebel RT, Kleinoder H, Yue Z, Gosh R, Mester J. Effect of SegmentBody Vibration on Strength Parameters. Sports Med Open. 2015;1(1):14.
doi: 10.1186/s40798-015-0022-z. [PubMed: 26258006]. [PubMed Central: PMC4526247].
Offer G, Ranatunga KW. The endothermic ATP hydrolysis and crossbridge attachment steps drive the increase of force with temperature
in isometric and shortening muscle. J Physiol. 2015;593(8):1997–2016.
doi: 10.1113/jphysiol.2014.284992. [PubMed: 25564737]. [PubMed Central: PMC4405756].
Cairns MC, Foster NE, Wright C. Randomized controlled trial of specific spinal stabilization exercises and conventional physiotherapy
for recurrent low back pain. Spine (Phila Pa 1976). 2006;31(19):E670–81.
doi: 10.1097/01.brs.0000232787.71938.5d. [PubMed: 16946640].

5

