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Effect of probiotics on allergic diseases

Hiroichi Nagai, PhDV

Abstract
There is increasing interest in the manipulation of human gut microbiota by the use of probiotic

supplements to modify or prevent several diseases. Various strains of probiotics indicated
protective effect on allergic disorders. We previously reported the efficacy of heat-killed
Lactobacillus acidophilus strain L-92 on the experimental allergic responses and reactions. This
study is aimed to summarize recent literatures about the effect of probiotics on immunological or
allergic disorders. A comprehensive literature search was performed in PubMed database using
probiotics and immune response and allergy as the key word for publication during the period of
1970 and 2017. A thorough search of the gray literature was also undertaken. Criteria for
inclusion in the systemic review were done from published peer reviewed article.

1) A total of 1195 manuscripts were identified and 109 papers were extracted for systemic review.

2) A certain kind of probiotics showed preventive effect on allergic diseases besides diarrhea
illness, a certain kind of infectious diseases, cancer, metabolic disorders, common cold infections,
urinary tract infection, nosocomial infections, infant colic, dental caries and autoimmune
diseases.

3) The mechanism of their efficacy is discussed from several points of view. The most possible
explanation is closely related to the adjacent of the imbalance of the gastrointestinal bacterial
flora, anti-infectious activity, barrier protective activity and immunomodulation. These activities
contribute to the efficacy of the prevention for allergic diseases. Among them, the main
mechanism is related to activity of immunomodulation affecting the function of immune
competent cells.

4) Regarding the effect of probiotics on allergic diseases, many researchers reported the protective
effect of probiotics as a supplementation to the onset of food allergy, atopic dermatitis and allergic
rhinitis. However small number of researchers reported opposite results about the effectiveness of
probiotics. Moreover some investigators studied the effect of probiotics on bronchial asthma,
constant result is not yet obtained. Whereas the reasons for inconsistent results are not fully
elucidated, possible reasons are based on the difference of examined bacteria strain and examined

schedule. We are necessary to do more research for confirming the recommendation of probiotics
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to prevent the allergic diseases and explanation of precise mechanism.

Key words ; probiotics, allergic disease, atopic dermatitis, food allergy, allergic rhinitis

Introduction

Much attention has been paid to the health benefits of probiotics in past decade. Probiotics are
live nonpathogenic microorganisms which are introduced into the body for its beneficial qualities.
Many of these microorganisms are naturally found in the normal human gastrointestinal (GI)
flora. They have a symbiotic relationship to body and can help the balance between intestinal
good and bad bacteria to keep health. Because of its beneficial role, foods or supplements
containing probiotics are used for the protection of some diseases including both GI and non-GI
tissues. The data supporting the beneficial use of probiotics in GI diseases including acute
diarrhea and inflammatory bowel diseases are evident (1-8). In addition to these GI illnesses,
recent studies indicated the effectiveness of probiotics on some immunological disorder including
allergic diseases (9-20).

The effect of probiotics on immune response is an interesting and attractive theme. We have
previously reported the effect of heat-killed Lactobacillus acidophilus strain 1-92 on
immunological responses including allergic reactions (21, 22). Consequently, L-92 indicated
immunomodulating activity through alteration of transforming growth factor beta-(TGF-B)
activity. In addition, L-92 showed clear decreasing in the number of mast cells and eosinophils in
the allergic lesion and regulation of T-helper 1 to T-helper 2 (Th1/Th2) cytokine imbalance. These
studies clearly indicated some probiotics might be useful for alleviating the allergic symptoms.

This article aims to summarize the recent studies on the effect of probiotics on immunological

disorders, especially allergic diseases.

Method

A comprehensive literature search was performed in PubMed database using probiotics and
allergy as the key word for publication during the period of 1970 and 2017. A thorough search of
the gray literature was also undertaken. Criteria for inclusion in the systemic review were done

from published peer reviewed article.
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Results and discussion

A total of 1195 manuscripts were identified and 109 papers were extracted for systemic
review. Results and discussion are classified into 4 sections including general action of
probiotics, effect of probiotics on immune response and therapeutic activity of probiotics
(cancer) and allergic diseases and probiotics (allergic rhinitis, atopic dermatitis, food allergy

and bronchial asthma)

I. General Action of Probiotics

Probiotics appear their beneficial effects mainly through following four mechanisms as

indicated in Table 1.

Table 1 Possible mechanism of probiotics

1 Interference with potential pathogens

a) Producing antimicrobial agents against pathogens (H202, NO, bacteriocins, etc)

b) Inhibiting the adhesion of pathogens to the epithelial receptor in a nonspecific or specific
manner

2 Improvement of barrier function

a) Strengthening the mucosal barrier through the regeneration of epithelial cells and
reduction of permeability

b) Inducing mucin production in the epithelial cells

3 Immunomodulation

a) Modulating the immune system through the innate immunity

b) Enhancement of cell-mediated immune responses and the activation of cytotoxic T cells
¢) Increasing the proliferation of B cells through the induction of cytokines; inducing the
production of specific antibodies such as secretory IgA

d) Induction of regulatory T cells

4 Brain function

a) Production of anti-neurotoxic substances

b) Stimulation of neurotransmitter release

¢) Direct stimulation of the afferent neurons from enteric nerves to brain

The first possible mechanism is the interference with potential pathogens directly. Several

probiotics produce a variety of anti-pathogenic substances including short-chain fatty acids,
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hydrogen peroxide, nitric oxide and bacteriocins (23-28). These substances act on pathogens
directly and some of them showed bactericidal activity. Additionally some probiotics inhibit the
adhesion of pathogens to the epithelium. The mucosal epithelial surfaces of GI and respiratory
tracts are constantly exposed to numerous microorganisms including infectious viruses. The
infection is initiated by the attachment of pathogen to a host cell during the disease process, and
interruption of this process is protective against the infection.

Inhibition is mainly due to the direct binding to the pathogen resulting to inhibit pathogen
attachment to the host cell receptors. Salminen et al. (29) and Juntunen et al. (30) reported that
specific strains of lactobacilli and bifidobacteria are able to bind and inactivate rotavirus and
vesicular stomatitis virus. These are the evidence to indicate that probiotics inhibit the pathogen
directly. Secondary, probiotics improve the barrier function of mucosal epithelial surfaces (31-34).
Probiotics may induce mucosal regeneration by increasing mitosis rate and luminal secretions
(mucus, glycolipids, and protective peptides). They can promote homeostasis in the epithelial cells.
In addition, probiotics play an important role of reinforce the barrier function of epithelium. It is
widely known that intestinal permeability increases in GI infection. After the pathogens
attaching to cell receptors below the tight junctions on the basolateral membrane, it modifies
tight junctions and disturbs the barrier. Some probiotics show the reinforcement of gut defense
barrier by normalizing permeability and disturb gut microbial ecology (35-37).

In addition to above effects, many probiotics promote an immunological responses resulting
enhancement of host defense mechanism against pathological infection (38-40). In general, most
probiotics indicate the activity of immunomodulation through the modifying the function of
immunological competent cells including dendritic cells (DCs), phagocytic cells (macrophages,
neutrophils), Th1 cells, cytotoxic T cells, natural killer (NK) cells and B cells. Moreover the effects
on these cells are mainly due to the modulation of cytokine production or activity. The details of
these effects are described next session.

The fourth point of probiotics effect is believed to be the neuron in brain(41-43). Some probiotics
effect on human brain health through numerous ways. 1) Bacterial enzymes may produce
neurotoxic metabolites such as D-lactic acid and ammonia, but even beneficial substances such as
short-chain fatty acid may show anti-neurotoxicity. 2) Some probiotics are able to produce
hormones and neurotransmitters that are produced in human brain. 3) Some probiotics directly
stimulate afferent neurons of enteric nerve system to send signal to the brain through vagus

system. These actions effect on the sleep and stress reactivity through the

-4 -
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hypothalamic-pituitary-adrenal axis. They also influence mood, memory and cognition. It looks
like a beneficial for therapeutically relevant to a certain central nervous disorders including
alcoholism, chronic fatigue syndrome, fibromyalgia and multiple sclerosis (44-48). The efficacy of
probiotics in neural system is recognized by many researchers and active clinical application is
carried out.

From above properties of probiotics, they may apply to maintain the health condition and

improve the severity of diseases as a supplement or complementary diets.

II Effect of probiotics on immune response

The most important physiological function of the immune system is to prevent or eradicate
infections. Immune system is recently classified into two categories, innate immunity and
acquired immunity. Innate immunity provides immediate protection against microbial
inversion through inflammation and antiviral mechanisms and removes damaged or necrotic
cells by recognition of damaged associated molecules. Concerning innate immunity, dendritic
cells (DCs) and natural killer cells (NK cells) are main target cells affecting by probiotics. The

effect of probiotics in immune system is summarized in Table 2.

Table 2  Effect of probiotics on the immune system

1) Alteration of antigen presenting cell function through Toll like receptor stimulation

2) Potentiating the dendric cell function by TNF-a released from gastrointestinal epithelial
cells

3) Stimulation of IL-10 release from regulatory T cells

4) Augmentation of NK cell activity

The central role of DCs is to present the characters of antigens to the T cells, therefore it calls
antigen presenting cells (APCs). Some probiotics indicate the activity of immunomodulation
affecting on the APCs function through the Toll like receptors (TLRs) (49-51). TLRs on the
APC play an important role to recognize each microbial component on microbes. The
stimulation of APC through TLRs can induce both of immunologic and tolerogenic responses
depending on the stimulating circumstance. Previous data suggest that probiotics not only

promote a major expression of TLRs but also utilize an appropriate receptor via APCs. These

-5-
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activities are able to introduce different intensity of immune responses. The recognition of
pathogen-associated molecular patterns on bacteria by TLRs results in functional changes on
APCs and the potentiating this process induces the stimulation of immune response. In
addition, some probiotics introduced a reversed action, suppression of immune response
(52-54). This phenomenon is mainly observed in the case of food allergy. The imbalance of GI
microbes introduces the disorder of immune system in GI tract and subsequent allergic
diseases, especially food allergy. Probiotics are able to correct the population of commensal
microbes and to prevent immune mediated disorder. Some studies demonstrated that the
probiotics induced NF-«B nuclear translocation in GI epithelial cells following by release of
TNF-a (55-57). This phenomenon is happened in DC cells resulting in alteration of immune
response through DC function. Bifidobacteria (BFDb) and Lactobacilli (LCTb) demonstrated
neutralizing activity of neonatal DCs to polarized T cell responses which is main cause to
elicit allergic response. BFDb was found to be the most potent polarizer to derive Thl cells
response involving increased interferon gamma producing T cells, concomitant with a
reduction of IL.-4 producing cells. Other probiotics, LCTb modulates DC function to induce a
novel form of T cell hypo-responsiveness. In these cases, regulatory T cells treated with
probiotics matured DCs as producers of more IL-10. IL-10 is the most important cytokines to
manipulate the relationship between DCs and T cells.

Another important cell in innate immunity is NK cells. NK cells are large lymphocytes
derived from bone marrow and they show non-MHC restricted cytotoxicity against tumor
cells. In basic research in mice, some probiotics augmented the NK activity of spleen cells,
peritoneal exudates cells and thoracic exudates cells (58-60). It was unclear the timing and
doses of probiotics to obtain the most effective activation of NK cells in mice. However, some
reports using cancer bearing mice indicated clear potentiation of NK activity by a few weeks
and appropriate doses of probiotics. In addition to animal model, some reports revealed the
potentiation of NK activity after administration of probiotics in old persons, newborn babies
and cancer patients who are usually lowered the NK activity. The periods were from 1 to 12
weeks. In all cases, NK activities of blood or lesion are always activated in probiotics group.
These observations indicate that orally administered probiotics enhanced the innate
immunity through the activation of DC cells and NK cells. NK cells are generally activated
by stimulation with IL-2, IL-15, IL-18, IL-12 and their mixtures. Many probiotics stimulate

the production of some kinds of cytokines in GI tract. These are the reasons why probiotics

-6-
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stimulate NK activity.

Beside innate immunity, probiotics have an influence to some acquired immunity. The first
effector cells are regulatory T cells (Tregs) (61-63). Tregs are comprised of heterologous cell
population. They play a role in suppression of inflammation and maintaining immune
tolerance. Some probiotics are able to induce Tregs in autoimmune conditions. This action
leads to the development of new therapeutic approach towards curbing the autoimmune
response and other immunity related disorders.

As mentioned above, the probiotics effect on both innate and acquired immune responses
against not only pathogens but also environmental substances. It is evident that mucosal
immunity in GI or respiratory tract is mainly improved. There are many data to indicate the
controversial results probably based on different species of probiotics and administration
conditions. However numerous data indicated the effectiveness of probiotics to correct the

abnormality of immune responses.

IIT Therapeutic activity of probiotics

The scientific and clinical evidence about the potential of probiotics in human health leads their
applications most notably in the fields with respect to GI health. The majority of probiotics in
clinical use include species of lactic acid bacteria containing lactobacilli as well as bifidobacteria,
non-pathogenic Escherichia, bacilli and yeast such as Saccharomyces boulaedii. One of main
reason to use above species as a probiotics is original existence in GI tract. The applicants of
bacteria using as a probiotic are therefore, firstly in GI disorders. The wondering effects of
probiotics lead and expand their usage to the various fields in pathological condition. In addition
to GI, some probiotics effect on non-GI related disorders as indicated in Table 3.

The efficacy of probiotics on inflammatory Bowel Disease (IBD) is reported by many researchers
(64-67). Many probiotics indicated their effects by modulating the intestinal flora and intestinal
immune response, because one of possible etiology of IBD is an abnormality of the intestinal flora
and immune response. In general, IBD is a combination of disease that includes Crohn’s disease,
ulcerative colitis and pouchitis, the exact cause of the diseases is still unknown. Therefore, more
extensive researches are necessary to elucidate the precise mechanism of probiotics in IBD. The
application of probiotics on diarrhea illness is another effective area in clinical situation (68-70).
They are employed for the treatment of acute infectious diarrhea, traveler’s diarrhea, clostridium

difficile diarrhea, nosocomial rotavirus infectious diarrhea, and antibiotic associated diarrhea. In

-7-
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Table 3 Summary of the disorders responded to probiotics

GI related disorder

1 Inflammatory bowel disease (IBD) (Ulcerative colitis, Pouchitis, Crohn’s disease)

2 Irritable bowel syndrome (IBS),

3 Diarrheal illnesses (Acute infectious diarrhea, Traveler’s diarrhea, Clostridium Difficile
diarrhea, Nosocomial rotavirus infectious diarrhea)

Cancer

1 Colorectal cancer

Non-GI disorder

1 Metabolic disorders (Diabetes, Obesity, Hyper-cholesteremia, Cardiovascular disorders)
2 Common cold infections

3 Urinary tract infection

4 Nosocomial infections

5 Infant colic

6 Dental caries

7 Lactose maldigestion

8 Allergic disorders (Food allergy, Atopic eczema, Allergic rhinitis)

acute infectious diarrhea, especially in children, rotavirus is the most common virus. A double
blind, placebo-controlled study including 287 children in Europe indicated more effectiveness
than placebo for the treatment of acute diarrhea (58.3+27.6 h vs 71.9+35.8 h). Another study also
indicated the effectiveness of probiotics by means of reducing the duration of diarrhea by 7 days.
Two other studies by Shornikova et al. (71) showed similar results.

In traveler’s diarrhea usually caused by protozoa E coli, clinical studies on the effect of probiotics
is inconsistent. Regarding anti-biotic-associated diarrhea, several meta-analyses have shown
positive results about the efficacy of probiotics.

In addition to GI related disorders, the effect of probiotics on non-GI disorders including
colorectal cancer, metabolic disorders (diabetes, obesity, hyper- cholesteremia, cardiovascular
disorders), common cold infections, urinary tract infection, nosocomial infections, infant colic,
dental caries and lactose maldigestion are investigated(72-80). Most of them indicated positive

results on the protection and interference of deterioration of the symptoms.
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IV Allergic diseases and probiotics

Over the last few decades, there are great increasing in the number of patients with
prevalence of allergic diseases such as allergic rhinitis, atopic eczema, bronchial asthma and
food allergy. Since allergic diseases can have significant effects on morbidity and quality of
life in the patients and social economy of medical field, it makes a considerable interest in
generating efficient approaches for the prevention of diseases. Many extensive, worldwide
researches on examining the use of probiotics to prevent the allergic diseases have already

reported.

IV-1 _Allergic rhinitis (81-86)

Regarding allergic rhinitis, Guvenca et al. (81) reported the systemic research regarding the
effect of probiotics on allergic rhinitis. They summarized all randomized, double-blind,
placebo-controlled trials by following the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses Statement. Twenty two randomized, double- blind, placebo-controlled
studies were analyzed. Seventeen reports indicated that probiotics groups indicated a
significant improvement of clinical symptoms in terms of nasal and ocular score when
compared to placebo group. Scores of nasal blockage, rhinorrhea, and nasal itching were
significantly lower in the probiotic group. Although heterogeneity was high, the most
significant clinical improvement was demonstrated in the study using Lactobacillus
paracasel. Half studies also showed the improvement of immunological parameters. The
Th1/Th2 ratio was significantly lower in the probiotic group compared with placebo. In
addition, some probiotics showed a significant effect in adjuvant activity.

Consequently, they concluded that available data provided significant evidence of beneficial
clinical and immunologic effects of probiotics in the treatment of allergic rhinitis, especially
with seasonal rhinitis and Lactobacillus paracasei strains.

Moreover, there are many reports to suggest the adjuvant activity of probiotics in
immunotherapy of allergic rhinitis. Recently, Nelson (82) reported co-administration of
probiotics significantly potentiated antigen (mite) specific immunotherapy. They indicated
the reduction of clinical sore and immunological parameters by co-administration of
probiotics. The adjuvant effect of probiotics is mainly investigated in immunotherapy of
rhinitis in China and Japan. Most of reports indicated positive efficacy of probiotics. This

kind of application is beneficial and applicable methods in all over the world.

IV-2 Atopic dermatitis and food allergy (96-100)

The curative efficacy of probiotics on atopic dermatitis is reported by a large number of
researchers. Inoue et al. (96) reported the efficacy of heat-killed 1-92 on atopic dermatitis

symptoms and Th2 -—dominant allergic inflammation in Japanese adults. Many

-9-
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investigations also indicated the efficacy of probiotics on atopic dermatitis in children and
adults through the adjustment of imbalance of gut flora. Though many investigations
revealed the efficacy of probiotics in adult patients, some recent studies are carried out to
investigate the effect of perinatal probiotics supplementation on the primary prevention of
atopic dermatitis in early childhood.

Randomized double-blind study was conducted on 27 infants aged between 4 and 6 months
who were diagnosed with eczema. The efficacy was evaluated to compare the effect on the
infants after receiving either formula with probiotics or the same formula without probiotics.
After 2 months, eczema symptoms were significantly improved in the probiotics group
compared with the group that did not receive probiotics. On the other hand, some researchers
(101-103) reported no significant difference between groups that received probiotics versus
placebo in 12 randomized controlled trials involving 781 children showing atopic eczema. The
authors concluded that there was insufficient evidence to recommend the use of probiotics for
the treatment of eczema.

As mentioned above, whereas there are some reports to show the negative results, many
meta-analysis of randomized controlled trials indicated beneficial effects of using probiotics
during pregnancy and early infant life to prevent the development of atopic dermatitis. The
exact mechanism of action of probiotics for the treatment of atopic dermatitis is not fully
understood. The mechanism is believed to involve the activity of immunomodulation. A
double-blind, placebo- controlled study involving 62 pregnant women who had a strong
family history of atopic dermatitis randomized these subjects to receive either Lactobacillus
rhamunosus GG (LGG ) or a placebo during the last weeks of their pregnancy and during
breastfeeding. The study revealed that the infants of the mothers who had received LGG
presented a significantly lower risk of developing atopic dermatitis during the first 2 years of
life but did not effect on serum IgE level. Studies have shown that the use of LGG in infants
with atopic dermatitis may be beneficial. Most of studies on probiotics trials of allergic
diseases with pro-birth intervention have commenced at some time in the final 2 months of
pregnancy, by giving it only mothers. There is also interesting evidence indicating an
alteration of maternal allergy during pregnancy. In addition, more interesting phenomenon
was observed that non-allergic mother showed down-regulation of their Th2 responses, but
not in allergic mothers. There is no evidence to explain the reasons of above phenomena.

As mentioned above, extensive clinical investigations have been carried out, the efficacy of

-10 -
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probiotics on atopic eczema is still inconsistent. More researches to investigate the clinical
efficacy of probiotics are necessary to make a recommendation it as an appropriate
supplement to prevent atopic dermatitis.

Food allergy is another important diseases to confirm the efficacy of probiotics. Food allergy
is a frequent health problem for children and its prevalence is increasing. The exact
prevalence is not known, but almost 12% of pediatric population refers a suspicion of food
allergy. In most case, characteristic symptom is urticarial which is caused by IgE mediated
reaction but subacute or chronic disorders are generally accompanied. Subacute and chronic
repeated symptoms are mediated by non-IgE mechanism. Milk, egg, wheat, soy bean and
nuts are common food allergens. An emerging treatment for patients with persistent IgE
mediated food allergy is use of allergen specific immunotherapy. The immunotherapy aims to
induce oral tolerance to offending food, redirecting the allergic immune response from a Th2
type response to Thl or Treg cell type response. The immunotherapy got relatively good
results but perfect remission is difficult to obtain. Therefore some probiotics therapy is
applied to prevent the food allergy because they are expected to affect both IgE and non-IgE
mediated immune responses. Many clinical studies reported significant benefits by probiotics
supplementation in food allergy prevention and management. However the results are often
quite contradictory, probably due to heterogeneity of probiotics strain and different examined
conditions. The mechanism of efficacy is due to both immunological and non-immunological
reasons. Immunological mechanism mainly depends on the adjustment of immunological
imbalance of Th1/Th2 cells and induction of Treg. Non- immunological mechanism is the
reinforcement of gut barrier function and adjustment of gut microflora imbalance. Whereas
the precise mechanism is still unknown, the efficacy of certain kinds of probiotics is

confirmed by many investigators.

IV-3 Bronchial asthma (104-106)

A number of studies exist to examine the effect of probiotics on bronchial asthma as a
supplement to prevent or treat the disease. One study using fermented milk demonstrated
less effect of probiotics in terms of the prevention of asthmatic attack. As well-known asthma
is the most prevalent chronic allergic disease and currently estimated to affect more than 300
million people worldwide. Therefore the effective protection or early remission is desired and

probiotic is nominated as the most effective applicant. But no primary prevention study has

-11 -
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been able to demonstrate an efficacy of probiotics for asthma in humans. There are many
explanations why probiotics are ineffective. One reason is based on early, infant period,
infection. Recent study pointed out that the early life respiratory infections with respiratory
syncytial virus and /or rhinovirus play a role as an antecedent to asthma development. These
early viral infections may alter the airway microbiome and further alteration of immune
response and signaling from GI microbiome. Furthermore this early disturbance or
colonization with opportunistic bacteria has been associated with increased asthma risk.

This may be one possible mechanism of probiotics ineffectiveness in asthma.

Conclusion

Despite the inconsistent effects seen in some studies, several allergic diseases are able to prevent
and treat by supplementation with certain kind of probiotics. In addition to the efficacy of
probiotics in experimental allergic models, some probiotics can prevent atopic eczema and allergic
rhinitis in clinical trials. Donkor et al. (109) reported that some probiotics induced significant
amounts of pro-inflammatory cytokines, including I1.-2, which is a critical cytokine for the clonal
expansion of recently antigen-activated T cells and also in Treg homeostasis. In addition, specific
probiotics indicated the production of IL-10 from Treg cells in vitro and in vivo with a significant
improvement of allergic symptoms in the skin. These results suggest that some probiotics are able
to be recommended to employ the treatment of allergic skin diseases as a supplement. Further
studies are necessary to define the strain of bacteria and the severity of diseases when application

of probiotics.
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]
REBAEREEAR T T2 DEEREEHEIEE & A THERESE TR 5 ER DR

/NECR Ph.DY, /iR PTY, )11EOE MD,Ph.D?

(HEE)
(B8] BEEREER T T, IRIECoH 0 ilite FIH DGR & ATRe & U 7o ARFZEI I BEEISER T il
(ZH1T DRI B DRERFHY 72 A RE D BRI & UM THEREIC R 2 S IARE BRI IZ DUV TRRET L
7. DF¥E]l FEBIEREEHL TR0 B A CABE L7z 17 R 17 IRBIEICHIE 5 44, 2k 12 4. SFH 4 51.1419.2
) SIS, AV 1, 438, 8O TRSF ), T ROM, MHEBIHIEH VAS, 10MWT Z HIE it
L7z, [RER] el R ROM, 713 X ORI RIS /13 vtk 138 C— 7R T 2380 Il iRk O
REMEIZ TN 4 MU LB TH -7, F72 I0MWT (IIFFTCREEIET ROM, fiifk 1 I THLR RY 7
KRB/, Mtk 8 I8 CREBIFEIEPH VAS & ORICAHBE 2385, ik b DOFGEIC & > THERERITE I 2%
T HERPER > Tz, [EFE] RREO S TFF Tldd 2 23t P — B itk ae S T
L, IRBIETOMREIRITE & A TR RECE |21 B 3 L OMRBIER 22 E MR BIFR T~ 2 fthoD T I OB REFIITR,
i R OPIFEHAEE TH D Z LAV ST,
Key words : JEPAHSEA T4, BRI, A THERE

N

[.IZC®IT

TEBIFAHERER 1, I 2\ VTR B (knee osteoarthritis ; i OA) &I U, Z@AMEIC &
DEY, BEEICZOAR—YIMEIT K HE0HHEE, BIEIPIEREA, A SR G2 LA, RN b
L VD, Zh b OBLILARIEICIE N TIEBIEE L (Total Knee Arthroplasty ; TKA) |, B4,
BIEISAE TR MR H 0, WHERSLEELIC L VTN ERIRSN D, ZoR CHRECEE L FHE BRy &
L 7= BIESEHE N R HMREIECIT 2 5 Z E Mo REFICHVW O, IERHOHSERIFETHDH V2.

TS IR BIEIERERE F Tk D IR EEREITER, B AETEENE(Activity of Daily living ; ADL)FEF
EUETHANRFEE LCEBERRTA R4 Vb BT U ARMLII TN D 9,

D I RAEEIIRS  (T500-8281 IR IIGRATHRE 2 T H 92)
President and professor, Gifu Junior college of Health Science
(2-92 Higashi, Uzura, Gifu-city, Gifu, Japan 500-8281)

2) FAHFIEANVE] « KIE A HERT LR H 454(T 500-0027) TEL.0584-78-3058

ZftHE 2016 412 H 26 H ZHIH 201742 4 22 H
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P B C IR THEGR T A O 0 2 D AT IO MR, IR mIBhskaIse, 5 /)
R A KOS FIEEIIR LR 2 A RS ST % 9,

WP A TR AR IMBARS O — 5 C o % PIIERS, R OZAC & 5 e R 2% 2 5 IR
LM L, ST O M EMR ORI 25| X = LBEHFOMEER &£ 2 5T\ S 9. i< b KIS
PUSE BRI DA AR 5 & &AL, 7 OB HE IR & R FTBM OBk & JBRIISERS /1)
EORIHER UIEBRAIC & £ % 5 —ARb 2 < AV L L7RaS & ¥ CIOBR ISR /) Bk A3
B I & B IR (L OSBRI S TV B 09, E7- I OA BFH A THEEIC ST, KB
HEf 11 D11 LT & 0 SFEA TR O M BHEILA T L7 205 B2 % < 250510 910, i OA
FB IR OB A & OV B S & LCllb > TV 5 & O b2 bis 12, =
U 1 OA BH O H 7 b IBIMHAEIC skt B TIEICIGET 55 2 & SN, AT IR
BRPUSHRS /) LAS DR & Mt LT B E N TR & B 2 B, R B F RIS Bl R o 15
PEASER RIS < 7% T2 05 ADL OB W T 5%, BIGHL Tk o & (e R
B TSR BB 5 BIRIC U TR LB 2 < 200,

ARSI BB F AT HE1T L 7 PR 0 2 A R A O MEAE I AR O RAE & AR TH R
B T B 2 S URHAE 2 LI SV TR L7

%5

2016 4 6 H715 2016 4 11 A ORI HRBIFIRERERE S O 72 OFIHL TR 2520 72 17 5ER 17 BBIE (5
PEB 4, 124, FEFH 51.1£19.2 ) 2 xigi & Uiz, <G ORI IIEEEoIbRf 15 fERl, PEA
OB 11 5B, SMAP: B ARGIBRIT 2 5EG, 47 ) A IR 1 ERI T o - 7= (EER I T & T0).

ek, DRI, MR, EEOMEARBEZAL, FIXEEBEARE B OA UAOESGERE A
T IEBNTH R GBI LTz,

I fERROBC
RIRE\IIZE R, ik, WEAIREIC O W T ORI Z SCEIC THAITATY, REE~DBLICLY
B NORE AT, 7ok, AT~ R ESICRSE, KEREARIEREDOEKREET- I 2

TITo7=.

V.54
LB e

Hand Held Dynamometer(7” =~ =&, I = —# ZA®F-1 ; HHD)Z My, KERIUSEFS, ~NAA RV
T A, KRB O RVENGER 71 24800, FEfrl e 2 BIFORE Uiz, AERALI IR MU SRR 4 4
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PEIZ CRERIE 60°JRHHNL, /NA A N U 2 7 A Z JEEMIC CTHRBAEN 45° i Hifr, AR 2 MEENM L2 T REET 90°
JRHIAL & U7z, F iz, BIERFOUEENER 1 D72 OFEE /L M TROHA Pt L UMK 2 FEE Lz, )
TIOFEEEITIFAFS K OFEIRHRZ 2 A D i KAl A AR FE TRk L 72 (R E b (kg/BW) & VM-
2. F I PE R AT IS (Range Of Motion ; ROM)

A=A A—=F % WTIRL, FERRZ L2 o RBEg et hRds X ONRBAMRih, i ot B
Bhig 2 JE L7z,
3R B JE P Dy R e A

Visual analog scale(VAS) % iU CHTIBIEE PR Is 1 OMar ERF D B RO @ EE 4 32 L7z,
4.10m 47 (10Meter Walking Test ; 10MWT)

10m XHOHTHE & KEF#% 3m TOOBIER AT, BIAENK XL VAT L, 10m XE O B B TE
ffl(sec) & HIE L7-.

PA L 4TI T, IR, 7Rt 108, 418, 8 IR RS T2 N ZAVaFM LRI 728 RE R R, 10OMWT
& DS AHERE & OBIMRMEIC DWW TR L7z, ABEHIR O BRAREIT 1 IR Uiz, ARSI
H2OifeR 1M TH Y, BB ORI FRIEITE 1 BIRREERE L B SO R P EiRE SNz 7.

FEEHAITITAE T H Z & OIFHT~INt: 8 M £ TORAMIM DL EIRIZIE, Tukey-kramer VEIZ THAT L
2. 10MWT & Z Dty he & OBUROMFHTIL, Pearson ORERIBIREZMATIC V-, A EKYE
IO 5%A & Lz, Zeds#iEl Y 7 M % PASW statiscs18.0 for Microsoft Windows % FV 7=,

 fTE#® . 1w 4w 8w
BEMBERARIERER) 5

KﬂiROMllllﬁ-CPM /

l\'r?-'EE'rf 4 —¥av- /\Tvt“JT4/7 )|

Eﬂlﬂi &Bﬂiﬂﬁﬂﬁ ﬁiﬁilﬁlﬂlﬁ

)3 ;‘—9

X1 HEEERET 0T T A

55
1 AHERE ORI B GE 1)

TEFHTIE, KBRS, DA N TR, RERGOF MR, FEIRNE &1 1 #H~4 T
AL 0 & BT L, i 8 IR & R 22 bl BICIEE S BEMS R Sz, FRCH
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RERPUBEFR A% 4 > DS 8 WITH T CTHE 2B & 788 7= (p<0.05).

T ROM T, #uiRaeife thixiiitt 1 8~4 B il v KT L, g 8 @ TRl kicmliEd 5
B A58, itk 1A BAKE Cd o 723, i 11 & il LiRt% 81113 B 72811 2 388 72 (p<0.05).
RF R BEE R R 1 AT % 1 CHRARMZ R L, 1764 4 3 E CITEHBn 2R Lizas, 17 4 38 Ltk 8 i
[FREE CTh o 7o, MHBIEE Al I, fival & itz 1 B CIXFERRE Ch o723, itk 18 &t LIl 4
W, 8MITFN A EREIE 2780 7-(p<0.05). L1 LZDOMo T ROM (I3 it 8 lMIcE 5
FCHBERZTRO T, RIS THR LT

FERBEIER I D VAS 13RS e b 5R <, 152 1IH L IH% 4 XL Ch o 7228, itk 8 1 Tl B & P
TR DNORHIME I d o 7.

1OMWT CIEiaT & itk 1O THEILIZERRE Ch o723, ik 4 M HUrEE 7R, itk 8
D5 b A TR AN 5 72

#F1 THEEM A, THROM, VAS, 10MWTOMHE, 44 18, 438,838 oD% Hrine

AT Pt 138 fivi% 418 P4 83

e fiil 0.35 + 0.13  0.27 + 0.11 0.29 + 0.10° 0.38 = 0.14
R JHR DU EE
FERF 0.42 + 0.12 040 + 0.14 0.41 + 0.11 0.46 =+ 0.14
W1 NI A R FRFAA 0.23 + 0.12 0.17 + 0.12 0.16 + 0.10 0.22 =+ 0.09
(kg/BW) U 7' % JEHF 0.26 + 011 023 + 011 020 + 0.10 0.26 + 0.10
R (Rl 0.25 + 0.12 0.20 + 0.11 0.18 + 0.12 0.21 =+ 0.11
BN
FEfRMI 0.27 + 0.13 0.23 + 0.11 0.19 + 0.13 0.23 =+ 0.12
il i 135.6 + 12.4 128.2 + 10.0° 183.7 + 7.3 137.6 + 82
H
" FEfM 142.6 + 6.9 1435 + 54 141.2 + 4.7 1429 + 54
i B i
i PRrAR] -4.9 + 5.3 -45 + 3.0 -3.4 + 3.0 -2.5 + 2.7
ROM FEIM -0.9 £ 1.9 -1.2 £ 2.0 -0.5 + 1.3 -0.6 + 1.6
(deg) - WM 126.8 + 9.4 1259 + 6.7°F 131.8 + 6.2 132.1 + 4.9
H
" FEffFM 130.0 + 8.0 130.6 + 6.2 133.2 + 57 1315 + 5.6
1% BE i
R el 15.6 + 4.5 159 + 3.9 16.9 + 3.6 16.5 + 3.3
FEMM 165 + 4.1 17.4 + 3.5 17.0 + 4.3 17.2 + 3.2
JEEBAE)E FHVAS (cm) 3.3 + 2.5 1.8 + 1.6 1.8 + 1.7 2.1 + 2.4
10MWT(sec) 9.65 + 3.67 966 + 1.63 9.06 + 1.21 860 =+ 1.11

X%

SRS RS, " 1p<0.05(VSHif24iH). *:p<0.05(VS{ii#%8iH).

2.10MWT & & {A#¥aE & DEIM%
10MWT & FfE /& OFBITIE, 10MWT Ot 1 8 &l LA R U > 7 2D 1EI(r=-0.52), 7l
KEFR O 1 HE=0.57) L OMICZENETNARERTEEDOAOHBZED TV (K 2,K 3). £/
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10MWT DOffit% 48 &, il ~Nb 2 R U > 7 205 13 (r=-0.53) & ORI B2 PR OB O BRI
ZRDT=(X 4). = OFEFE BT FIAOBITHE IR AN LA B ) o 7 RS D I B % %
FTWAD Z LR ENT. BRI L A N Y 7 ADOF I, s 4 BOBITIEREIC L EELE H 2 T

M

W5,

10MWT & Tl ROM & OFHBITiE, 10MWT Offfi &, firflBIE i ROM Offifi(e=-0.82), il
RIS R ROM Offial & ORIZ(e=-0.82)4 E AR A DM ERD . 2O b, REiOHFT
EE AR BRI Hh 36 L OMi i ROM DR A R < 1T TV DR & 725 72(X1 5,14 6).

10MWT & JEREERE P VAS & OAHBE T, 10MWT Offitk 83 &, IEBIEIEPH VAS Offitk 8 #(r=0.56)
L ORI ERPEEDEDOMBZRDT-( 7. 2O Enb, itk 8 A TOBITHEE F L
JICHBINTND Z EARIE SN,

10MWT & FEARHfl o> TR 71<° T 1 ROM, el B i3 & UM ROM & ORI ITA E /R HBERILR

RO 7o T2,
(%BW) (%BW)
0.50 - 0.50 -
P40 - 0.40 1 ’
VAN
N i
2 0.30 1 {81 0.30 4
8 x
1) 0.20 - B o0.20 A
iy %
5 010 A 0.10 A
3
0.00 r r x . 0.00 . . . "
0.00 5.00 10.00  15.00  20.00(sec) 0.00 5.00 10.00  15.00  20.00 (sec)
10MWT n=17 10MWT n=17
r =-0.52(p<0.05) r=-0.57(p<0.05)
K2 10MWTGR#ELR)E, Ml ~LR K3 10MWT({irs LE) &, #7 K m
kY v 7 A P55 A ED & OB 5 71 (i % 158) & D B4R
(%BW) (deg)
0.60 # 160 -
ﬁoso i ﬂll 150 4 . o
Bl B o
£ 140 A o
/N0.40 - s
L g 130 - o
io.e.o . i 120
IJ 0.20 A R 110 -
b (o}
% 0.10 1 " 100 { .
=
000 i J ' 0 (I)o 10 Ioo zoloo 3oloo
0.00 5.00 10.00 15.00(se¢) - : : 00 (sec)
n=17
10MWT n=17 1omMwT r = -0.82 (p<0.05)
r = -0.53(p<0.05)
X4 10MWTHF21E) L, #Hifl L 2 X5 10MWTFRD &, 7 0 HE BE & 8
bV 7R S 48) & D BAR i ROM(#f7#i7) & @ EA%R
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0.00 10.00 20.00 30.00 (sec) (cm)
10.0 -
9.0 4
8.0 4
7.0 1
6.0
5.0 4
4.0
3.0 4
2.0 4
1.0 f
0.0 T =ty T 1
0.00 5.00 10.00 15.00 20.00 (sec)

=
o
1

tr
vw > < HESBEH

N
°

So-AERBHFEH

-25 -

(deg) 10MWT n=17 10MWT n=17
r = -0.82(p<0.05) r = 0.56(p<0.05)

X6 10MWTGTAET) L, #0msEa &b B X7 10MWT(r#8:8) &, KpaEiE M
ROMU#a) & @ BIfR VAS (i % 8i) & o« Bat#

IV.E%

HRBSRE D[RRI DUV, IHAIEBIEHE ROM, JERIEIEPH VAS, 10MWT |34i# 1 75> H[E1E
MY, iR SIEEWEAS A B Lz, i 8 ISR SBIIMEIAIC & o 72 Z & 13BFe% O1E
M EckabDEBE2 615, 3t U CHMAIRBIE I L ONRBIE R ROM, 3 -DOHfl s /19~ TIThfr
% 4 W E TR T AR L, itk 8 I8 CIfrall & RS bl RizEliE L. IR th ROM o
ERFHMREIC L 2ERPERICH D Z 21FF 2 £ THRL, A% E ROM ORT & BB dh
ROM (TSN b D TH D Z L PHELRE S LD IR TG /I DIRTIZHOWT, BRI X 5 & #iHaAR &
Wt 3 MR CTHURIN BB T 5 LR T\ D B, F/oUHBIE, O IMET 275 & B
JEMEDFHIHNC L D LIk~ TR Y 19, SEIO X 5 ITEmIMME 138 L 0 SEEEAICH > THHIHIC LY
EKTFRALNTEHDEZEZIBND. IO e, KREOBEHSHENR TFNCho THINFT & F%E D
L < IFZNL EOBINCERE T 5 ICi3is 48U EBRETH B Z L ATRR STz

AIERFE S R E IO TS 16 TR TOMEDH T—RNRE T AR O L ThDH. LI
TKA #5#2 D FRF 712 T, AFE & FRRISI S K ORI TR MR R 22k L7c 2 LT g 19,
R O IDNEESE R L AT 5wl O REB EOBERE FD— I B A28 TR Y, £ g
FEOIT L3 NEN b2 e 32 Lt LT % 10, SalOFERIFINRT O IREB &K T X 2755
BNz 1 38 &V S B Th - TH S HICHIRIEEEDMET L7z 2 &I X 0 IEHI 0 TR ) 2ME
TLEbDLEEZ LN,

10MWT & S {HEREDBIMRTIE, 1A 10MWT [ AR BEEE ih 35 L OV R ROM 1258 < 22 E 1D
LRI, i 1 IO 10MWT CIEil R 71 & ORISR 2388, KERIUSAR) Tlx/e <
WAL A N Y 2 7 238 LOKEAS S5 L Cue, ZAUIINEE O RBIHIHEREIR T 2 2 O JE A Ch
DNBA N Y o T ARREBIHPMUE L TWD 72D EEZ B, Iig—RICIR T3 2 IR B iR B8 12
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ELAIOBAITHERBUGE D T2 DITIINL A Y U 7R, KIEM /T B LI LT LB 2 7R/I2 LT
LHDEEZ BN

F 7 ANIBEREAS I & RS2 [RIIE 3 B 9t% 8 I CI, [Al U <tk 8 IO EBIEIJE P VAS & oRIZHHRS
ROTz. AEIOFEFIZT, itk FH S TS - 7o 0Mii% 8 M CHINMEMIZ & - 7o BT
W72 L 307208, BEEISEGL FFIMI PR Ch D IRIGEZ B & LI FE TR, 2o Z &3k
OISR E & biTm B3 2 B RIERY I K 0 R AR B R RERE E N EIE (LT 5 ) A7 2 BT 5
VERH Y, iz RO OERFEY Y a—F L, ERRRREIERAZITO T ENEETH DL Z ENRIR S
.

V s

i B HEAERE 21269 2 BIERBEIR T T 2 M1 T L 7238 O B (RKEREI R4 T 00 & [BIEAE I 2 7 L7223,
AR BE S 3 X ORBAEIE it ROM <o, FEMTRIOD TS IE—FEIIK T L, R0 & RIS/ DI

4L BB TH D 2 EAURE S L2, F 72 1I0MWT (SR8 2 BRI ORI L v 2k L, i
ARSI il ROM 1, itk Rl —ReA I IR T L7 BaEibRe 2 RIET 2L XA R Y 7 X, K
Bz, fHERERRITEEER BIC X DRI D 2 LRRENT.. RO LM LIKRIETHR
WIHESAEIR D ATRE 7R BAEISEAR T F1 T o - T b RBIFIEAE LIS O T B T~ DRIIG & [FIRHIZ IR 72595
FHNEETHDLZ MBI DN,

VLBHfEE

ARFFROEMIC iz 0 < THATES F LI ERBAROBEE, JHEMIES £ L2 0I5k,
F WD BIRICTE O BRERHMII . CH N TR ANEEE L2V NE ) T— g VEOREILE R I{f,f@?
IREE OIS BRATRAS FRIC0 & 0 R L i E
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Investigation of factors, improve knee function recovery and gait

function after knee arthroscopic surgery.

Toshio OZAWA, RPT,PhD  Takayasu KOIKE, RPT Takemitsu FURUKAWA, MD,PhD

<Abstract>

(Purpose] Arthroscopic surgery that is invasive minimally, can get rapid recovery of the patient to
return to his work. This study investigated the physical factors in post-operation influencing the
chronological process of recovery in the body function and gait function. (Methods) 17 subjects (17 knee
joints, 5 males, 12 females, 51.1 + 19.2 years old) were evaluated the muscle strength of lower
extremities, the range of knee motion (ROM), visual analogue scale (VAS) for pain and 10 meter walk
test (10 MWT) one day prior to surgery and 1,4 and 8week post-operation. [Results] Temporal
restriction of ROM on the surgical side and decline muscle strength on the bilateral lower extremities
required to restore nearly full function for 4 weeks in post-operation . 10 MWT collated with ROM in
post-operation, the muscle strength of gluteal maximum and hamstrings at 1 week post-operation, and
VAS at 8 weeks post-operation. The factors influencing physical function in post-operation were
different based on the recovery course in post-operation . [Conclusion]) Temporal impairment of knee
was confirmed in the early period of post-operation. The importance of muscle strengthening exercise
of knee, a stability exercise of lower extremity for knee joint, and pain management was indicated for

knee and gait functions.

Key words : knee arthroscopic surgery, process of recovery, gait function
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