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Oral administration of Lactobacillus casei
Shirota improves recovery of hand
functions after distal radius fracture among
elder patients: a placebo-controlled,
double-blind, and randomized trial
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Abstract

Background: To evaluate the effect of oral Lactobacillus casei Shirota (LcS) administration on recovery of hand
functions in senior patients diagnosed with an acute distal radius fracture.

Methods: This clinical trial is double-blind and placebo-controlled, in which 293 senior patients with distal radius
fracture were initially enrolled. After exclusion, 264 eligible patients were randomly assigned to receive oral placebo
or LcS daily for a period of 3 months after the fracture. Treatment outcomes were Michigan Hand Questionnaire
(MHQ) score, radial deviation and inclination, and ulnar deviation and variance, all of which were monitored and
measured every month.

Results: Throughout the length of this study, MHQ score, radial deviation and inclination, and ulnar deviation and
variance of patients on oral LcS displayed a significantly faster improvement in comparison to those receiving
placebo, over the 3-month intervention period.

Conclusion: Oral administration of LcS dramatically accelerated hand function recovery in senior patients with
distal radius fracture.

Keywords: Lactobacillus casei Shirota, Distal radius fracture, Michigan Hand Questionnaire, Hand function,
Elder patients

Introduction
Fracture of the distal radius is a most common upper ex-
tremity injury [1]. Although the epidemiology of forearm
fracture does not display an age-dependent exponential
increase like those of the hip or the spine, as a result of
age-associated increase in osteoporosis incidences as well
as decrease of bone mass acquisition, the senior popula-
tion is more likely to suffer acute distal radius fractures
and prone to slower healing processes [2, 3].
Probiotics, which are live microbial dietary ingredients,

have been shown to exert several health benefits [4, 5].

Consumption of probiotics, often as dietary supplement
in drinks or capsules, is clinically safe as confirmed in
patients with various diseases [6–8], such as children
who are severely ill [9] or professional athletes [10]. Use
of probiotic is also shown to have curative effects in
bone-related diseases. For example, probiotics have been
reported to affect the gut-brain-bone axis and exhibit
beneficial effects on aging bone, as well as osteoporosis
[11–13]. In particular, valyl-prolyl-proline is a bioactive
peptide produced from fermentation with Lactobacillus
helveticus and has been demonstrated to enhance bone
formation in vitro [14]. It has been consistently shown
in various animal models that probiotic treatment
prevents loss of bone mass and increases bone mass
density [15–17]. Lactobacillus casei Shirota (LcS), a
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commercially available probiotic, reportedly reduced the
inflammatory joint injuries in collagen-elicited arthritis,
by regulating pro-inflammatory cytokines such as IL-6,
IL-10, and TNF-α [18]. LcS was also reported to in-
activate NF-κB and consequently the synthesis of
COX-2 [19].
To date, the impacts of probiotic treatments on

patients with distal radius fracture have not been re-
ported, except for a recent prospective study by our own
group [20]. In that clinical trial, preliminary assessments,
including the DASH (disabilities of the arm, shoulder,
and hand) score, pain, CRPS (complex regional pain
syndrome) score, active range of motion, and grip
strength, have demonstrated prospective but promising
results on the efficacy of LcS on elder patients suffering
from distal radius fracture [20]. With the aim to bring
more comprehensive observations on the beneficial
effects of LcS, we have conducted this current placebo-
controlled, double-blind, and randomized clinical trial of
similar setting, using recovery of hand functions, in
terms of Michigan Hand Questionnaire (MHQ) score,
radial deviation, ulnar deviation, radial inclination, and
ulnar variance, as the outcome assessments.

Methods
Ethics statement
This clinical trial was conducted during August 2015
and August 2017, with the approval of the Ethics
Committee of the Third Hospital of Hebei Medical
University and in strict conformity with the guidelines
stated in the Declaration of Helsinki. All enrolled pa-
tients provided informed, written consent forms and
agreed to our policy of data utilization.

Patients
Two hundred ninety-three patients aged 60 years or
older, who were diagnosed with a non-displaced frac-
ture of the distal radius and suitable for conservative
treatment, were initially enrolled in the present study.
All patients received treatments at the Third Hospital
of Hebei Medical University. Exclusion criteria include
open or intraarticular displaced fractures; history of
wrist fractures on either side; high-energy fractures;
bilateral fractures; fractures that involve the shaft of the
radius, or ulna other than a simple fracture through the
styloid; soft tissue infections at the operative site;
patients undergoing chemotherapy or radiotherapy, or
any chronic medication with known adverse effects on
the skeleton; patients who were mentally or physically
compromised; and patients who consumed LcS in any
form within 6 months before the enrollment into this
study. Based on these criteria, 29 out of 293 patients
were excluded.

Randomization and group design
The remaining 264 eligible patients were assigned to LcS
or placebo treatments in a random and even manner,
using a permuted block randomization method stratified
according to their MHQ scores at admission. Then,
every patient was instructed to consume 2 daily servings
(100 mL per serving) of either skimmed milk that con-
tains a minimum of 1.2 × 1010 colony-forming unit
(CFU) LcS or skimmed milk alone as the placebo (both
provided by Mengniu Co. Ltd.), with one serving at
breakfast and the other at dinner, for 3 months since the
day after the fracture. LcS contents in the skimmed milk
were verified by the State Food and Drug Administration
of China. Every week, all patients receive free supplies of
skimmed milk, either one of the two types with coded
labels to conceal the content to both the investigators
and patients. During the study period, patients were
asked not to consume any food supplement or medica-
tion containing probiotics, other than those provided by
the investigators. All patients were re-visited every
month to assess the outcome of the treatment as well as
to evaluate their compliance to the aforementioned
instructions. Eight patients from the LcS group and 11
patients from the placebo group were excluded because
of personal reasons or non-compliance to the study
instructions.

Treatment outcome evaluations
All evaluations were conducted by physicians who are blind
to the group assignment, both on the day of the fracture as
the baseline and at monthly follow-up visits for 3months.
Michigan Hand Questionnaire (MHQ) was used as the pri-
mary outcome [21], which includes 63 questions that fall
into 6 domains: overall hand function, daily life activities,
esthetics, pain, work performance, and satisfaction of the
individual with hand functions (12 questions). The domains
of work and daily activities are referring to handicap and
disability (22 questions), and those of function and pain are
referring to symptoms (15 questions). MHQ score ranges
from 0 to 100, in which a lower score indicates a higher
degree of disability. Secondary outcomes were defined as
radial deviation and inclination, and ulnar deviation and
variance, which were measured with a goniometer.

Statistical analysis
Statistical analysis of the current intention-to-treat trial
was carried out with the use of the SPSS software (SPSS
Inc., USA). Results were presented as mean ± standard
deviation unless otherwise stated. Sample size was esti-
mated using our preliminary data by Cohen’s d method
[22]. The means of parameters from both groups were
divided by standard deviation to calculate the standard-
ized effect size, the largest of which was then adopted by
Cohen’s d power table to determine minimum group
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size with 5% statistical significance and 90% power. The
normality of data distribution was determined with the
Kolmogorov-Smirnov goodness-of-fit test. The Mann-
Whitney test was performed to evaluate non-normally
distributed data, ANOVA followed by Tukey’s post hoc
test was utilized to analyze normally distributed data,
and the P values < 0.05 indicated statistical significance.

Results
The design of the present study is illustrated as a flow
diagram in Fig. 1. Two hundred ninety-three patients
were enrolled into the present trial, in which 29 were ex-
cluded for they failed to meet the inclusion criteria. The
remaining 264 eligible patients were assigned into two
treatment groups in a random and even fashion. Com-
pared with capsules or other forms, skimmed milk ex-
hibits optimal preservation of probiotic bioactivities and
promotes the maximum willingness of the patients to
consume, therefore was chosen as the ideal LcS vehicle.
All patients were expected to consume 2 daily servings
of either skimmed milk that contains a minimum of
1.2 × 1010 colony-forming unit (CFU) LcS or identical
skimmed milk alone as the placebo, with one serving at
breakfast and the other at dinner, for 3 months since the
day after the fracture. Eleven patients from the placebo
group and 8 patients from the LcS group were excluded
because of personal reasons or non-compliance. One
hundred twenty-four patients in the LcS group and 121
patients in the placebo group completed the trial in
accordance with the protocol. All 264 eligible patient
data were analyzed and hereby presented in the current
study. No serious adverse events were observed during
the period of the study.
First, we evaluated the general characteristics of the

patients in the two treatment groups as listed in Table 1.
We found no significant baseline difference between the
two groups, in terms of age, gender, height, body weight,
hand dominance, injured side, or types of the fracture.

All participants were followed up through monthly
visits for a 3-month period, to assess the outcome of
their treatments. Throughout the study period, a gradual
elevation of MHQ scores of all patients was observed,
and MHQ scores of patients receiving LcS displayed a
markedly faster pace of increase than those of the
patients receiving placebo treatment (Fig. 2).
As secondary outcomes, we also assessed the radial de-

viation (Fig. 3a) and inclination (Fig. 3b) of all patients,
both of which exhibited a more pronounced increase in
LcS group patients than in placebo group patients in a
significant manner starting from month 2 till the end of
study. Last but not least, two ulnar parameters, namely
ulnar deviation and ulnar variance, were also evaluated
(Fig. 4). Similar as radial deviation, ulnar deviation in
patients administered with LcS displayed a faster trend
of elevation than that in patients on placebo over the 3-
month study period (Fig. 4a), especially with significant
differences in the last two follow-ups (P < 0.05). More-
over, ulnar variance showed a steady decline among
LcS group patients, whereas a much slower declining
pace was observed in the placebo group (Fig. 4b).

Discussion
In the present clinical trial, we assessed the impacts of
the probiotic LcS on distal radius fracture in 264 eligible
senior patients. General characteristics of the patients in
both treatment groups, including age, gender, height,
body weight, hand dominance, injured side, and types of
the fracture, were not statistically different. Therefore,
the randomization process we used provided comparable
baseline endpoints for the rest of the trial.
In our previous study [20], we included DASH

(disabilities of the arm, shoulder, and hand) score
[23] as one of the primary outcomes. DASH and

Fig. 1 Flow diagram of the study design

Table 1 Baseline characteristics of patients

LcS (n = 132) Placebo (n = 132) P value

Gender (male/female) 62/70 69/63 n.s.

Age (years) 64.9 ± 3.3 65.0 ± 3.8 0.48

Height (m) 1.61 ± 0.22 1.59 ± 0.17 0.42

Body weight (kg) 57.9 ± 5.9 58.7 ± 6.0 0.37

Injured side (right/left) 78/54 80/52 n.s.

Injured side
(dominant/non-dominant)

76/56 82/50 n.s.

Fracture classification (AO)

23A3.2 23 21 n.s.

23A3.3 25 23 n.s.

23C2.1 43 44 n.s.

23C2.2 21 24 n.s.

23C3.2 20 20 n.s.

Values are mean ± SD, n.s. P > 0.05
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MHQ scales are utilized for self-evaluation of the
upper extremity functions, and both have the major
advantage of providing valuable information on the
status of the patients when physical measurements
are not feasible [24]. However, while both DASH and
MHQ specifically measure upper extremity functions, the
functional status is assessed through different means.
DASH emphasizes on global upper-extremity disability
and symptoms, including psychological, physical, and so-
cial aspects [25, 26], while MHQ addresses satisfaction
and esthetics in a way distinct from DASH [27]. In the
present study, primary outcome was assessed using the
MHQ score at both baseline and all subsequent monthly
re-visits. MHQ scores of all patients gradually increased

during the recovery phase after the fracture. However, the
elevation of MHQ scores of patients who received LcS
treatment was significantly accelerated in comparison to
those of the placebo-treated patients, indicating that the
recovery of functional status of the injured hand was facili-
tated by LcS treatment.
As secondary outcomes of this study, active range of

motion (ROM) measurements, including radial deviation
and inclination, and ulnar deviation and variance, were
also assessed. With the exception of ulnar variance, all
other three parameters have exhibited more pronounced
improvements in the LcS group than the placebo group,
starting from as early as month 2 and lasted till the end
of study. Even in the case of ulnar variance, a statistically
significant improvement could be seen in the LcS group
compared to that in the placebo group. These signifi-
cantly improved ROM parameters among patients
receiving LcS corresponded well with the above ob-
served improved MHQ scores and further demonstrated
the efficacy of oral LcS administration in accelerating
hand function recovery.
It is also worthy of noting that the dose of LcS in our

present study (1.2 × 1010 CFU) has been doubled com-
pared to our previous study (6 × 109 CFU), because we
found that the positive effects of LcS on the functional
recovery after fracture began to dissipate after the initial
treatment [20]. One possibility is that these patients may
have grown accustomed to the LcS treatment at lower
dose; therefore, we raised the question whether a higher
dosage of LcS could more effectively promote distal
radius fracture recovery. Therefore, in this study, we in-
creased the dose of LcS with the aim to confirm its effi-
cacy as well as safety. Again, we did not observe any
serious adverse events throughout the current study, nor
did any patient report intolerance to the elevated dose of
LcS. In previous reports regarding the clinical use of LcS

Fig. 2 MHQ scores of participants. Values are mean ± SD. *P < 0.05,
**P < 0.01, between LcS and placebo at respective time points

Fig. 3 a Radial deviation and b radial inclination of participants. Values are mean ± SD. *P < 0.05, ** P < 0.01, between LcS and placebo at
respective time points
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in other diseases, study periods were normally 4 weeks
[6–8] or even as short as 5 days [9]. Hence, our present
study, with increased dose and lasted for 3 months, pro-
vides a significant assurance for not only the efficacy but
also the safety of oral LcS administration in the clinic.

Conclusion
In summary, we have discovered in the current clinical trial
that a daily treatment of 1.2 × 1010 CFU LcS significantly
enhanced the recovery of hand functions after distal radius
fracture, starting from the second month post-injury. This
finding provides important insights for patients who are
suffering from acute distal radius facture, especially the eld-
erly, because the recovery is most challenging right after
the injury. The conclusion that an agent such as LcS could
promote the initial healing would be not only a great relief
to the patient, but also welcomed by families of the patients
and the physicians.
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