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Abstract

Aim

Musculus Gastrocnemius Tightness (MGT) has been linked with common foot and ankle pathologies. These
symptoms sometimes are not severe enough for the patient to seek treatment. This study aims to determine

the incidence rate of MGT among our clinical personnel and if there is any association between foot and
ankle symptoms with MGT.

Materials and methods

This observational cross-sectional study involves clinical personnel from our Specialist Clinics at Hospital
Kulim, Malaysia. We interviewed and assessed 85 volunteers of which, we measured the passive ankle
dorsiflexion of the volunteers (the Silfverskiold) test, to diagnose MGT. We then used the Manchester Oxford
Foot Questionnaire (MOxFQ) is used to determine the functional outcome of our volunteers.

Results

Out of a total of 85 volunteers assessed, 12 (14%) volunteers were found to have gastrocnemius tightness.
Among this cohort, 11 were symptomatic. Out of the 73 who did not have MGT, there were three
symptomatic volunteers. There was a significant association between volunteers with foot and ankle
symptoms with gastrocnemius tightness, compared to those without. There was a significant difference in
the relationship between the MOXFQ scores in all components (walking, pain, and social) when comparing
those with and those without MGT.

Conclusion

We conclude that there is a significant association between foot and ankle symptoms and MGT in our clinic
sample population. However, these symptoms were not severe enough for these symptomatic volunteers to
seek treatment. We should consider screening symptomatic staff and implementing stretching protocols.

Categories: Family/General Practice, Orthopedics, Occupational Health
Keywords: metatarsalgia, plantar fascitis, occupational health, foot and ankle, tendo-achillis, gastrocnemius muscle
tightness

Introduction

Musculus gastrocnemius tightness (MGT) is defined by Baumbach as an increase in passive ankle
dorsiflexion (ADF) in a flexed knee when compared to an extended knee [1,2]. It is diagnosed by a clinical
examination called the Silfverskiold test [3]. In this test, the maximum passive ADF is measured in both the
extended knee (0 degree) and the knee flexed to 90 degrees. A difference of more than 13 degrees is
adequate to diagnose MGT.

It is now widely known that MGT has been attributed to many foot and ankle problems. Symptoms include
pain in the hindfoot, midfoot, and forefoot. Some patients may even complain of numbness, dull aches, or
disturbances, with or without movement. With the increase in sedentary lifestyle, there is a possibility that a
decrease in physical activity has contributed to the tightness of the gastrocnemius muscle, which, in turn,
manifests as the symptoms mentioned above. While these symptoms are not exactly debilitating or
cumbersome enough to cause the patient to seek medical treatment, if left unchecked, they may lead to the
worsening of symptoms eventually. In our study, we aimed to determine the incidence rate of MGT among
our clinic personnel and identify any association between foot and ankle symptoms and MGT.

Materials And Methods
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This was an observational cross-sectional study looking into the staff of the Specialist Clinics of Hospital
Kulim, Malaysia. We excluded volunteers with medical conditions that cause debilitating symptoms, such as
cerebral vascular accidents, diabetes, neuromuscular diseases, and trauma (e.g., fractures of the pelvis and
lower limb). Pregnant volunteers were excluded as well. We also excluded the volunteers who had previously
sought treatment for their foot and ankle symptoms.

Volunteers will have had their Silfverskiold test conducted by the primary investigator (RK). A Silfverskicld
angle of 13 degrees or more results in a positive Silfverskiold/MGT. The lateral malleolus and the fifth ray
(metatarsal) were marked with a marking pen. The test was done with the volunteer in a supine position,
with the foot in a neutral position, and a commercially available digital weight scale (LazChoice GoTravel
Electronic Digital Scale) was used to apply a 2-kg load on the forefoot (under the second metatarsal bone
head). A commercially available inclinometer (LomVum Digital Inclinometer) was then used to measure the
amount of ADF achieved in both flexed and extended knees.

The primary outcome focused on the association between MGT and foot and ankle symptoms. The cohort
was screened and grouped into two groups (MGT and non-MGT) according to their Silfverskiold test results,
and further categorized according to the symptoms of each group. We took 13 degrees as a cut-off to
diagnose MGT, as per Malhotra et al. Manchester Oxford Foot Questionnaire (MOxFQ) is a patient-reported
outcome used for patients with foot and ankle symptoms. This questionnaire assesses how foot problems
impair health-related quality of life before and after surgery.

Ethical approval was obtained from Medical Research and Ethics Committee, along with other relevant
approvals prior to the start of any study-related activities. National Medical Research Register (NMRR)
approval was obtained prior to data collection (NMRR ID-22-01753-EH6 (IIR) -22-01753-EH6). Data were
analyzed with commercially available software, SPSS version 22 for Windows. Characteristics of the
volunteers will be descriptively analyzed and summarized using frequency (N) and/percentage (%) for
categorical variables, mean (l1) and standard deviation (SD), or median and interquartile range (IQR) for
continuous variables. Quantitative analysis, such as a t-test and Chi-squared test, will be performed to
evaluate the association of MGT with characteristics of volunteers, with mean (+ SD), and mean (IQR)
presented.

Results

A total of 85 volunteers were involved in the study. The analyzed cohort consisted of 41 (48.24%) female and
44 (51.76%) male staff. The mean age of the cohort is 38.1 years old, ranging from 32 to 55 years old. The
analyzed group presented a mean weight of 70.7 kg, ranging from 43 kg to 130 kg; a mean height of 164.4
cm, ranging from 150 cm to 185 cm; and a mean body mass index (BMI) of 26.1 kg/m?, ranging from 16.4
kg/mZ to 43.4 kg/mz. The incidence rate of MGT was found higher in the right leg (proportion: 14.12, 95% CI:
6.72, 21.52) than in the left leg (proportion: 7.06, 95% CI: 1.61, 12.50); however, the difference was not
statistically significant (p-value (p) = 0.1348) (Table 1).
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Variables Group

Age, years

Gender Female
Male

Weight, kg

Height, cm

Body Mass Index, kg/m?

Right leg

Silfverskicld

Gastrocnemius muscle tightness (MGT) Yes

Symptoms Yes

Walking (>0)

Pain (>0)

Social (>0)

Index Score

Left leg

Silfverskicld

Gastrocnemius tightness Yes

Symptoms Yes

Walking (>0)

Pain (>0)

Social (>0)

Index Score

TABLE 1: Descriptive statistics of 85 volunteers included in the analysis and incidence rate of

MGT according to right and left legs.

SD=standard deviation, N=frequency, %=percentage, 95% CIl=95% confidence interval

85

4

44

85

85

85

Median

38

70

164

257

7.5

7.4

Mean (+SD)

38.1(7.3)

70.7 (+14.8)
164.4 (£8.1)

26.1 (+4.8)

8.1 (24.4)

3.2 (+9.6)

7.4 (£3.6)

2.4 (+8.0)

Min, Max

32,55

43,130

150, 185

16.4,43.4

1,213

0,54.7

0.7,19.1

0,515

Proportion (95% CI)

48.23

51.76

14.12 (6.72, 21.52)
16.47 (8.59, 24.36)
12.94 (5.81, 20.08)
15.29 (7.64, 22.95)

11.76 (4.92, 18.61)

7.06 (1.61, 12.50)
11.76 (4.92, 18.61)
9.41 (3.20, 15.62)
11.76 (4.92, 18.61)

10.59 (4.05, 17.13)

The most important result obtained was a noticeably higher incidence rate of MGT, which was also
significantly associated with more symptoms and pain (p<0.0001). There was a significant difference in the
relationship between the MOXFQ scores in all components (walking, pain, and social) when comparing
those with and those without MGT (Table 2).
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Variables
Symptoms
Walking
Pain

Social

Group

(>0)
(>0)

(>0)

With MGT (N=12) No MGT (N=73) Proportion difference P-value
11(91.7) 3(4.1) 87.6 <0.0001
9 (75.0) 3(4.1) 70.9 <0.0001
11(91.7) 3(4.1) 87.6 <0.0001
9 (75.0) 3(4.1) 70.9 <0.0001

TABLE 2: Symptoms and pain associated with the presence of MGT.

Variables

Right leg

Gastrocnemius tightness

Symptoms
Walking
Pain
Social

Left leg

Gastrocnemius tightness

Symptoms
Walking
Pain

Social

In general, males presented a higher incidence rate of MGT in the right leg (15.9% for males versus 12.2% for
females, p=0.6231), while females presented a higher incidence rate of MGT in the left leg (9.8% for females
versus 4.5% for males, p=0.4227). However, due to the small sample size, these findings were not
statistically significant (p>0.05) (Table 3).

Group Female (N=41) Male (N=44) Proportion difference P-value
Yes 5(12.2) 7 (15.9) -3.7 0.623
Yes 6(14.6) 8(18.2) -36 0.660
(>0) 5(12.2) 6(13.6) -14 0.843
(>0) 6(14.6) 7 (15.9) =3 0.870
(>0) 4(9.8) 6(13.6) -3.8 0.740
Yes 4(9.8) 2 (4.5) 5.3 0.422
Yes 5(12.2) 5(11.4) 0.8 0.905
(>0) 4(9.8) 4(9.1) 0.7 0.916
(>0) 5(12.2) 5(11.4) 0.8 0.905
(>0) 4(9.8) 5(11.4) -16 0.810

TABLE 3: Incidence rate of MGT and symptoms according to gender.

Discussion

Clinic staff with symptomatic foot and ankle pain, as well as increased MOXFQ scores, were found to be
associated with isolated GMT. Possible reasons for this would be extended duration of standing and walking
during clinic hours as well as the type of shoes worn by the staff. These symptoms were not yet severe
enough (possibly) for the individuals to seek any treatment. There was a significant increase in all segments
of the MOxFQ in the MGT group compared to the normal group. Patients presenting with unilateral foot
pathologies, such as plantar ulcerations, metatarsalgia, plantar fasciitis, etc., should be examined for
impaired ADF and MGT [2]. Although there is some consideration of reduced ADF with knee extension as
age advances [4], our sample population had a mean age of 38+/-7 years.

GMT predisposes individuals to multiple musculoskeletal conditions, as well as various foot pathologies.
There is also a link between patients with symptomatic forefoot pathologies and a higher body mass index,
as well as lower activity levels [5]. When compared to a control population, DiGiovanni found that patients
with midfoot or forefoot symptoms had an almost three times higher prevalence of isolated MGT [6]. Lau
quantified the relationship between MGT and the severity of heel pain in plantar fasciitis [7]. Barouk found a
link between hallux valgus as a common consequence of MGT, attributing the links between tendo-achillis,
calcaneus, and plantar aponeurosis to the sesamoids and the hallux [8]. Huerta summarized that MGT
increases Achilles tndon tension during weight bearing, leading to an increase in forefoot pressure with an
anterior displacement of the center of pressure [9]. Cazeau concludes that MGT has a biomechanical effect
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on the lower limb joints and the forefoot, with the risk of forefoot pain when the associated muscles are
maximally stretched [10]. Nakale et al., in a study of 223 patients, found a strong association between
plantar fasciitis, osteoarthritis, and hallux valgus, among others, with isolated MGT [11]. Using muscle
reaction time, Lee et al. found patients with plantar fasciitis had weakness not only in the gastrocnemius
muscle but also in the hamstrings [12].

Treatment for MGT begins with conservative management. Stretching exercises have been recommended
throughout the literature and have yielded good results. It is a cost-effective approach and can be performed
by patients on their own. Bernand and Cazeu believe that stretching exercises should be the first line of
treatment [7,10]. If this fails, there is a Grade B recommendation for gastrocnemius recession surgery for
overload symptoms (isolated pain) [13].

As mentioned, the purpose of this study is to identify a cohort of patients who have foot and ankle
symptoms that were not severe enough for them to seek medical treatment. While our sample size is small
and a larger wider sample size is warranted, there is an association between MGT and foot/ankle complaints.

This study has some limitations. Although all the volunteers were adults and employed in the clinic, no
analysis was done into their level of physical activity. The use of BMI in our study may also bring about some
debate, as it does not take into account the fat to muscle ratio. Although this is outside the scope of our
study, the usage of abdominal girth may be considered against the use of BMI.

Conclusions

In our clinic sample population, there was a 14% incidence of MGT. We found an association between foot
and ankle symptoms and MGT, which are not severe enough for patients to seek treatment. The stretching
exercises, in addition to being cost-effective and requiring no special equipment, could potentially reduce
patient symptoms and address problems before they worsen.

We propose a larger-scale study involving our medical teams, including those in intensive care/operating
theatres. This study will compare the cohort prospectively, using a standardized gastrocnemius muscle
stretching exercise protocol. The results from these studies can inform the implementation of stretching
exercises in community outreach programs, as well as serve as a screening tool in community clinics and
pre-specialist clinic protocols. This will enable primary care physicians to educate patients on gastrocnemius
muscle stretching.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. National Medical
Research Register (Malaysia) issued approval NMRR ID-22-01753-EH6 (IIR) - 22-01753-EH6. Animal
subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.
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