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Abstract: The high prevalence of constipation after fracture surgery brings intolerable discomfort
to patients on the one hand, and affects post-surgery nutrient absorption on the other hand, re-
sulting in poor prognosis. Given the acknowledged probiotic properties of Lactobacillus rhamnosus,
100 fracture patients with post-surgery constipation were centrally enrolled and administered orally
with L. rhamnosus JYLR-127 to assess the efficacy of probiotic-adjuvant therapy in alleviating post-
fracture constipation symptoms. The results showed that L. rhamnosus JYLR-127 improved fecal
properties, promoted gastrointestinal recovery, and relieved constipation symptoms, which were
mainly achieved by elevating Firmicutes (p < 0.01) and descending Bacteroidetes (p < 0.001), hence
remodeling the disrupted intestinal microecology. In addition, blood routine presented a decrease
in C-reactive protein levels (p < 0.05) and an increase in platelet counts (p < 0.05) after probiotic
supplementation, prompting the feasibility of L. rhamnosus JYLR-127 in anti-inflammation, anti-
infection and hemorrhagic tendency prevention after fracture surgery. Our study to apply probiotics
in ameliorating constipation after fracture surgery is expected to bless the bothered patients, and
provide broader application scenarios for L. rhamnosus preparations.

Keywords: constipation after fracture surgery; probiotic preparation; Lactobacillus rhamnosus; adjuvant
therapy; gut microbiota

1. Introduction

Bone fracture is defined as a disruption of the integrity or interruption of the continuity
of any bone in the body, with deformity, dyskinesis, and bony crepitus as the exclusive
signs [1]. The latest statistics released by Lancet Healthy Longev put the new fractures at
178 million worldwide in 2019, while the prevalent cases of existing acute or chronic fracture
symptoms reached a staggering 455 million [2]. Most fractures are attributed to direct
or indirect violence and are complicated by bacteremia, fat embolism, or shock, leading
to disability and even mortality in severe trauma [3,4]. Acute phase fracture treatment
is dominated by fixation with plaster and, in some cases, endo-skeletal repositioning [5].
However, the ensuing prolonged bed rest and limited mobility after surgery inevitably
result in adverse reactions such as constipation, anorexia and lassitude [6]. Thus, searching
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for an adjunctive therapy or preparation that helps ameliorate symptoms like constipation
in the post-surgery rehabilitation of fracture patients may be a preferred solution.

As a subjective complication of various diseases, constipation mainly presents as defi-
cient or difficult defecation, accompanied by abdominal pain and bloating [7]. In patients
with fractures, constipation can occur during post-surgery recovery from multiple fracture
sites, including the thoracolumbar spine, hip, femur, and ribs [8]. The static state of the
body after surgery will cause a weakening of intestinal peristalsis function, coupled with
dietary factors, thereby inducing constipation, whose incidence is generally 50–70% [9]. At
current, mounting research has accentuated the correlation between gut microbiota and
constipation. In a clinical trial among 70 elderly patients with gastrointestinal dysfunc-
tion after hip fracture repositioning, Liang et al. [10] found that the test group showed
less Bifidobacterium and Lactobacillus than healthy controls before intervention, whereas
Enterobacterium and Enterococcus was the opposite. After treatment with the Chinese herbal
decoction, a reversed abundance of the above bacteria and improved constipation scores
were observed. Another randomized controlled study in patients with post-surgery con-
stipation after thoracolumbar fractures displayed an analogous trend [11]. Hence, gut
microbiota modulation may be a potential target for alleviating constipation symptoms in
post-surgery fracture rehabilitation.

Probiotics are living microorganisms that benefit host health when consumed in suffi-
cient quantities [12]. By interacting with the organism and the environment through their
own bacterial components or derived metabolites, probiotics function in the treatment
and prognosis of gastrointestinal dysfunction, inflammation, and metabolic diseases [13].
Among them, Lactobacillus rhamnosus, one of the intestinal colonizing bacteria, possesses
evident superiority in maintaining the gut microbiota balance, as well as certain thera-
peutic effects in strengthening immunity and anti-inflammation [14]. On the one hand,
Lai et al. [15] reported that L. rhamnosus HN001 supplementation accelerated defecation
frequency and relieved defecation tension in people with functional constipation. On the
other hand, L. rhamnosus GG administration significantly reduced the systemic inflam-
matory level in rats with femoral diaphyseal fracture by remodeling dysbiosis, which
was speculated to hold feasibility for the management of skeletal injuries and possible
complications [16]. However, there are no relevant studies to further explore the specific
efficacy of L. rhamnosus on post-fracture constipation to date.

On this basis, our study included 100 fracture patients with post-surgery constipation
symptoms altogether and adopted L. rhamnosus JYLR-127 as an adjuvant intervention. 16S
rDNA high-throughput sequencing and metabolomic analysis were performed to evaluate
the effect of L. rhamnosus JYLR-127 on the post-surgery rehabilitation of fracture patients
as well as the alleviation of associated constipation symptoms. The implementation of
the trial is anticipated to provide microbial prognostic data support for the application of
probiotics in the treatment of post-surgery constipation in patients with fracture, and at the
same time pave the way for the industrialization of L. rhamnosus.

2. Materials and Methods
2.1. Ethical Statement

This study was a single-center, single-blind, parallel randomized controlled clinical
trial in accordance with accepted ethical standards. Our project has been approved by the
Ethics Committee of Leshan People’s Hospital (Leshan, China, AF/SC-04), and has also
completed registration with the China Clinical Trial Registry (ChiCTR2300072781).

2.2. Patient Enrollment and Probiotics Preparation

From August 2022 to June 2023, the recruitment of constipation patients during
post-surgery recovery from fractures was launched on the platform of Leshan People’s
Hospital. Two expert clinicians performed routine medical examinations and professional
assessments of all intended patients, including history taking, scale scoring, physical
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examination and blood tests. To obtain the ideal study subjects, specific inclusion and
exclusion criteria were devised as follows:

Patients who met the following conditions were included: (1) aged 18–70, irrespective
of gender; (2) fracture diagnosis confirmed by X-ray/CT images and managed with appro-
priate fixation or reduction; (3) symptoms of constipation, quantified by a score of ≥6 on
the Chronic Constipation Severity Scale (CSS) and a score of <3 for fecal type on the Bristol
Stool Scale (BSS), during the post-surgery rehabilitation phase; (4) were still in fracture
post-surgery rehabilitation within one week of receiving probiotic intervention. Before
enrollment, participants thoroughly overviewed the procedures, risks and precautions of
the study and signed an informed consent form.

Participants with any of the below characteristics were excluded: (1) history of chronic
constipation or uncertain about whether constipation symptoms were triggered by the
fracture event; (2) have taken probiotic preparations (tablets, powders, capsules) within
2 weeks before the trial; (3) history of laxative medication usage within a month before
the trial; (4) allergy or intolerance to probiotics or other ingredients; (5) previous history
of abdominal and/or intestinal surgery, diagnosis of irritable bowel syndrome (IBS) or
functional abdominal pain syndrome by Rome IV; (6) doubt about the capacity of subjects
to complete the trial; (7) currently participating in another ongoing research. Unenrolled
patients have also continued appropriate clinical healthcare as prescribed.

The probiotic powder and placebo involved in this study were manufactured by
Shandong Zhongke Jiayi Bioengineering Co., Ltd. (Weifang, China) at 2 g per bag. The
placebo was biologically inactive isomalto-oligosaccharide, while the probiotic powder
was prepared by the low-temperature freeze-drying process and subsequently mixed into
isomalto-oligosaccharide, at least 2 × 109 colony-forming units (CFU) of L. rhamnosus
JYLR-127 (CGMCC No. 24340) in each bag was guaranteed. When brewed in warm water
at 35–40 ◦C, the probiotics can be evenly and stably distributed herein, with the texture and
flavor almost identical to the placebo.

2.3. Trial Procedure

The trial was conducted at the Leshan People’s Hospital, where a dedicated staff was
responsible for numbering and administering the participants presented with constipation
symptoms during post-surgery fracture recovery. Prior to the commencement of interven-
tion, half the patients were selected through computer-generated random number code to
constitute the pre-intervention group (FAC group), scored for constipation using the Bristol
Stool Fecal Characteristics Scale (BSFS), and stool samples were collected for subsequent
experiments. The same method was applied to randomly assign the participants into
the placebo group (CDN group) and the probiotic group (TRE group) on average. The
documents stating the parameters, such as the blinding codes for the seeds, the block
length, and the random numbers were sealed in envelopes and stored at the Institute of
Translational Medicine, Nanchang University.

During the intervention, the TRE group received probiotics (L. rhamnosus JYLR-127)
for one week at 4 g/day, twice daily (bid), 2 g/time, and the CDN group took placebo
for one week accordingly at the same dose. At the endpoint, fecal samples were collected
from all patients and the blood routine was measured again. The scores of the Bristol Fecal
Characteristics Scale (BSFS) and Patient Assessment of Constipation Symptoms (PAC-SYM)
were counted as outcome indicators for the trial.

2.4. Sample Collection

Blood routine and biochemical parameters were determined by blood sampling from
the median cubital vein, collected in EDTA tubes and monitored by a hematology analyzer
(Mindary BC6900, Mindary Biomedical Electronics Co., Ltd., Shenzhen, China). The
analyzed indicators contained counts of white blood cells (WBC, 109/L), red blood cells
(RBC, 1012/L), platelet (PLT, 109/L) and C-reactive protein (mg/L). Samples were collected
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from the interior of the middle and posterior sections of the feces into 50 mL EP tubes, and
stored in a −40 ◦C freezer immediately after sampling.

2.5. High-Throughput Sequencing

Total DNA of fecal microorganisms was extracted from patients in the FAC, CDN
and TRE groups. DNA was obtained using a genomic DNA kit (OMEGA Soil DNA Kit
(D5625-01) (Omega Bio-Tek, Norcross, GA, USA) supplemented with bead-blast method.
The concentration of genomic DNA and the purity of the samples were quantified by
spectrophotometry (NanoDrop 2000, Thermo Fisher Scientific (China) Co., Ltd., Shanghai,
China). The V4 region of 16S rRNA from each sample was amplified by the 338F/806R
primers (338F, 5′-AYTGGYDTAAAGNG-3′; 806R, 5′-TACNVGGGTATCTAATCC-3′). PCR
was performed under initial denaturation at 98 ◦C for 2 min, denaturation at 98 ◦C for
15 s, annealing at 55 ◦C for 30 s, extension at 72 ◦C for 30 s, and final extension at 72 ◦C for
5 min, maintained for 25–30 cycles at 10 ◦C. PCR products were sequenced by the Illumina
NovaSeq platform. The raw reads were saved in FASTQ format and have been uploaded to
the SRA database in NCBI (Bioproject No: PRJNA1093356).

2.6. Data Analysis

The sequencing results were denoised according to the QIME2 (version 2019.4) DADA2
analysis process, and the above-obtained sequences were merged by 100% sequence simi-
larity to generate amplicon sequencing variants (ASVs) as well as abundance data tables.
A Venn diagram was drawn to compare the richness and homogeneity of ASVs among
samples. β-diversity analyses used UniFrac distance measurements in QIME2 software
to investigate the microbial structural changes among samples, visualized by principal
coordinate analysis (PCoA) based on genus-level species composition profiles. Microbial
community characteristics that were markedly different and biologically significant in
each group were also obtained by unweighted pair-group method with arithmetic means
(UPGMA) clustering and visualized in the form of a heatmap. To guarantee comparability,
the microbial sample data presented were normalized prior to analysis.

The data were analyzed using SPSS software (IBM SPSS, version 20.0) and GraphPad
Prism software (version 9.0). Given that the sample data were all quantitative, satisfied
normal distribution and were unpaired, statistical variability among the three groups was
determined primarily through one-way analysis of variance (ANOVA). The method of
multiple tests and p-value correction for differences among groups depended on the results
of the variance chi-square test. The least significant difference (LSD) method was chosen
when the variance was homogeneous, whilst the Tamhane method was adopted in the
opposite. All data were presented as mean ± standard deviation (SD) and the significance
level was set at p < 0.05. Pearson correlation analysis was used to calculate the correlation
between the bivariate variables, with r values denoting positive/negative correlation as
well as the magnitude of the correlation, and p < 0.05 indicating that the correlation between
variables was statistically significant.

3. Results
3.1. Baseline Characteristics of Participants

After stratified screening, 100 fracture patients with post-surgery constipation who
met expectations were enrolled; the experimental layout is shown in Figure 1. Due to
certain uncontrollable factors, four participants were lost to follow-up throughout the
trial, forming an ultimate category of the FAC, CDN and TRE groups with 50, 47 and 49
subjects each. Baseline characteristics such as age and body mass index (BMI) showed no
statistical difference among the three groups (FAC vs. CDN vs. TRE = 54.00 ± 11.08
vs. 53.85 ± 11.46 vs. 55.06 ± 10.14, p = 0.837; FAC vs. CDN vs. TRE = 22.30 ± 1.62
vs. 22.20 ± 1.61 vs. 22.04 ± 1.57, p = 0.979), and the proportions of gender and fracture type
(according to fracture site) were also approximate, suggesting that the sample data were
basically normal-distributed and comparable among groups (Table 1).
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Table 1. Baseline characteristics of the subjects.

Characteristics FAC Group CDN Group TRE Group p-Value

Number (N) 50 47 49 /
Age (years) 54.00 ± 11.08 53.85 ± 11.46 55.06 ± 10.14 0.837

Gender (male/female) 29/21 28/19 29/20 /

Fracture type
limbs 16 (32%) 14 (30%) 14 (29%) /
spinal 29 (58%) 30 (64%) 30 (61%) /

multiple 5 (10%) 3 (6%) 5 (10%) /
Body Mass Index (BMI) 22.30 ± 1.62 22.20 ± 1.61 22.04 ± 1.57 0.979

Statistics were presented as mean ± standard deviation (SD).

3.2. L. rhamnosus JYLR-127 Alleviated Post-Surgery Constipation and Reduced Inflammatory
Response in Patients with Fracture

The statistical results of fecal and blood indicators in the pre-intervention FAC group,
and post-intervention CDN and TRE groups were given in Table 2. At the defecation level,
the mean status in defecation, fecal traits (Bristol scoring) and constipation symptoms (PAC-
SYM scoring) among groups and differences in between were recorded, respectively. As
expected, the results of the one-way ANOVA presented significant intergroup differences
in the above metrics. The defecation frequency was significantly higher in the L. rhamnosus
JYLR-127-administered TRE group compared to the pre-intervention FAC group and
the placebo-controlled CDN group (FAC vs. CDN vs. TRE = 2.24 ± 0.72 vs. 2.06 ± 0.70
vs. 3.04 ± 1.54, p < 0.001), with Bristol scoring closer to the median value of 3.50 (FAC
vs. CDN vs. TRE = 3.16 ± 0.99 vs. 2.99 ± 0.82 vs. 3.63 ± 0.95, p < 0.01, Figure 2A). Meanwhile,
the scores of rectal, abdominal, and fecal symptoms in PAC-SYM scoring of the TRE
group decreased (Figure 2B), especially the improvement of abdominal symptoms showed
obvious statistical differences over the other two groups (FAC vs. CDN vs. TRE = 1.04 ± 0.81
vs. 1.13 ± 0.82 vs. 0.41 ± 0.54, p < 0.001), which all implied the alleviating and ameliorating
effect of L. rhamnosus JYLR-127 on the post-surgery constipation symptoms of fracture patients.
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Table 2. The differences in fecal and blood indexes among groups.

Indicators FAC Group
(N = 50)

CDN Group
(N = 47)

TRE Group
(N = 49) p-Value

Defecation frequency 2.24 ± 0.72 2.06 ± 0.70 3.04 ± 1.54 <0.001 (***)
Bristol scoring 3.16 ± 0.99 2.99 ± 0.82 3.63 ± 0.95 0.003 (**)

PAC-SYM scoring 4.72 ± 2.78 4.81 ± 2.47 3.28 ± 2.62 0.007 (**)
Rectal symptom 2.74 ± 1.52 3.09 ± 1.52 2.39 ± 1.59 0.090

Abdominal symptom 1.04 ± 0.81 1.13 ± 0.82 0.41 ± 0.54 <0.001 (***)
Fecal symptom 0.94 ± 1.02 1.02 ± 1.05 0.49 ± 0.92 0.020 (*)

C-reactive protein (mg/L) 31.13 ± 41.58 24.45 ± 25.13 15.42 ± 13.02 0.030 (*)
White blood cell (109/L) 8.03 ± 3.33 9.27 ± 3.31 7.81 ± 2.88 0.056
Red blood cell (1012/L) 4.29 ± 0.75 4.07 ± 0.80 4.13 ± 0.75 0.347

Platelet (109/L) 197.02 ± 84.11 220.79 ± 59.35 248.82 ± 106.92 0.013 (*)
Statistics were presented as mean ± standard deviation (SD), * p < 0.05, ** p < 0.01, *** p < 0.001. The unit of
defecation frequency was set to times per week. The unit of Bristol and PAC-SYM scoring, rectal, abdominal and
fecal symptoms were set to scores.
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Figure 2. L. rhamnosus JYLR-127 improved post-surgery constipation symptoms and mediated
anti-inflammation and anti-infection in the organism. (A) Bristol scoring; (B) PAC-SYM scoring;
(C) C-relative protein concentration in blood routine; (D) PLT counting in blood routine. FAC: pre-
intervention group (N = 50); CDN: placebo control group (N = 47); TRE: L. rhamnosus JYLR-127 group
(N = 49). * p < 0.05, ** p < 0.01, *** p < 0.001.

In addition, the potential involvement of L. rhamnosus JYLR-127 in diminishing inflam-
mation in fracture patients with post-surgery constipation was assessed by measuring the
variations in routine blood as well as blood biochemistry among the three groups. No obvi-
ous differences were seen in C-reactive protein concentration, erythrocyte and leukocyte
counts within the three groups, and in particular, the levels of the latter two were almost
equal, with statistical differences solely occurring in C-reactive protein concentration (FAC
vs. CDN vs. TRE = 31.13 ± 41.58 vs. 24.45 ± 25.13 vs. 15.42 ± 13.02, p = 0.030, Figure 2C).
Surprisingly, the differences in PLT count among groups were statistically significant (FAC
vs. CDN vs. TRE = 197.02 ± 84.11 vs. 220.79 ± 59.35 vs. 248.82 ± 106.92, p = 0.013), as
evidenced by higher blood PLT levels in the TRE group compared to FAC and CDN groups
(Figure 2D). Thus, it is worth speculating that L. rhamnosus JYLR-127 supplementation
in fracture patients with post-surgery constipation may help suppress infection and the
inflammatory response, and to some extent control postoperative bleeding tendency. See
Supplementary Materials (Figure S1) for inter-group differences of other indicators in
Table 2.

3.3. L. rhamnosus JYLR-127 Influenced the Composition and Diversity of Gut Microbiota in
Fracture Patients with Post-Surgery Constipation

16S rRNA sequencing was performed on fecal samples of FAC, CDN and TRE groups
(30 in each) to further obtain multidimensional information on the effect of L. rhamnosus
JYLR-127 intervention on the gut microbiota of fracture patients with post-surgery con-
stipation. β-diversity, also known as inter-habitat diversity, responds to the dissimilarity
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of species composition among the three sample groups. The downscaled PCoA model
was adopted to simplify analyses, with a more discrete microbiota composition yielded in
the TRE group compared to the pre-intervention FAC group and the placebo-controlled
CDN group (Figure 3A). In addition, 1733, 1791 and 1875 ASVs were identified in the FAC,
CDN and TRE groups, where the percentage of ASVs shared by the three groups was
531/1733 (30.64%), 531/1791 (29.65%) and 531/1875 (28.32%), respectively. The TRE group
exhibited a slightly higher abundance of ASVs than the other two groups, highlighting that
different interventions may shape specific microbiota structures (Figure 3B). To holistically
explore the intestinal microecological characteristics of fracture patients with post-surgery
constipation and the alterations in the dominant microbiota after L. rhamnosus JYLR-127 ad-
ministration, a composition heatmap was drawn to identify the dominant bacteria among
the FAC, CDN and TRE groups. In Figure 3C, the FAC and CDN groups mainly consisted
of Bacteroides, Alistipes and Prevotella. Probiotics, such as Faecalibacterium, Paraprevotella,
Coprococcus, Blautia and Akkermansia, exhibited dominance in the TRE taxa treated with L.
rhamnosus JYLR-127. As a whole, L. rhamnosus JYLR-127 could enrich the composition and
hierarchical structure of the gut microbiota in fracture patients with post-surgery consti-
pation to some extent, which is of positive significance for the maintenance of intestinal
homeostasis and the amelioration of constipation symptoms.
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Figure 3. L. rhamnosus JYLR-127 transformed the gut microbiota diversity in fracture patients with
post-surgery constipation. (A) PCoA analysis; (B) Venn diagram; (C) microbiota composition heatmap.
FAC group: N = 30; CDN group: N = 30; TRE group: N = 30, the same as below.

3.4. L. rhamnosus JYLR-127 Regulated the Gut Microbiota Composition in Fracture Patients with
Post-Surgery Constipation at Phylum and Genus Levels

Further, we depicted and visualized the gut microbiome composition and intergroup
differences among FAC, CDN and TRE groups at the phylum level. As graphically dis-
played in Figure 4A, the abundance of Bacteroidetes, Firmicutes, Proteobacteria, and
Actinobacteria accounts for the largest proportion of the gut microbiota. Compared to
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the FAC and CDN groups, the TRE group showed a notable decrease in Bacteroidetes
(FAC 78.19% vs. CDN 71.77% vs. TRE 50.51%, p < 0.05, Figure 4B) and an increase in
Firmicutes, whose difference was statistically significant with the FAC group (FAC 16.09%
vs. CDN 17.99% vs. TRE 33.76%, p < 0.05, Figure 4C). However, the relative proportions of
Proteobacteria and Bacteroidetes were only slightly elevated (FAC 1.96% vs. CDN 6.68%
vs. TRE 8.21%, FAC 1.57% vs. CDN 1.39% vs. TRE 3.01%, respectively, Figure 4D,E). Thus, L.
rhamnosus JYLR-127 could regulate the gut microbiota of fracture patients with post-surgery
constipation at the phylum level mainly by increasing the abundance of Firmicutes while
decreasing Bacteroidetes.
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Figure 4. L. rhamnosus JYLR-127 affected gut microbiota composition at the phylum level in fracture
patients with post-surgery constipation. (A) Microbial species composition at the phylum level and
the relative abundance of (B) Bacteroidetes, (C) Firmicutes, (D) Proteobacteria, and (E) Actinobacteria
were shown. * p < 0.05, ** p < 0.01.

At the genus level, the dominance of the Bacteroides, Parabacteroides, Alistipes and Pre-
votella was observed in all three groups in Figure 5A, with a richer and more homogeneous
gut microbiota distribution in the TRE group. The relative abundance of conditionally
pathogenic bacteria Alistipes and conditioned bacteria Prevotella in the TRE group was lower
than in the FAC and CDN groups (FAC 10.10% vs. CDN 8.98% vs. TRE 4.10%, FAC 11.33%
vs. CDN 7.33% vs. TRE 1.75%, respectively, Figure 5D,E). Compared to the FAC group, the
reduction in Prevotella was statistically significant (p < 0.05), Alistipes reached the p-value
threshold (p = 0.064), and the abundance of Bacteroides (TRE 31.05% vs. FAC 37.96%) and
Parabacteroides (TRE 8.12% vs. FAC 10.24%) was also reduced (Figure S2A,B). Moreover,
whilst not statistically different, an upward trend in the abundance of multiple probiotics
like Faecalibacterium and Coprococcus was seen in the TRE group (FAC 2.13% vs. CDN 1.17%
vs. TRE 3.56%, FAC 1.00% vs. CDN 1.43% vs. TRE 3.94%, respectively). Altogether, L.
rhamnosus JYLR-127 primarily restrained the relative abundance of opportunistic genera, es-
pecially Alistipes and Prevotella, thereby re-establishing healthier gut microbiota for fracture
patients with post-surgery constipation symptoms.
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3.5. L. rhamnosus JYLR-127-Mediated Gut Microbiota Improvement Was Correlated with the
Alleviation of Constipation and Infection after Fracture Surgery

We further employed Pearson correlation analysis to refine the correlation among L.
rhamnosus JYLR-127 administration, gut microbiota alteration, and the improvement in
symptoms of constipation and infection in fracture patients after surgery. Bacteroidetes and
Firmicutes were the phyla with the most significant shifts in the TRE group, rendering them
our major concern. Especially for Bacteroidetes, whose relative abundance was positively
correlated with PAC-SYM scale scores (indicating constipation symptoms) and serum
C-reactive protein concentrations (signaling the level of infection and inflammation in vivo)
in fracture patients with post-surgery constipation, the correlations were statistically signif-
icant (Figure 6B,C, r = 0.46, p = 0.011; r = 0.60, p = 0.0005, respectively). Firmicutes showed
the opposite, with no significant correlation in the dimension of serum C-reactive protein
concentration (Figure 6E,F, r = −0.39, p = 0.031; r = −0.11, p = 0.57, respectively). The above
results suggest a correlation between the reduction in Bacteroidetes and the up-regulation
of Firmicutes in gut microbiota after L. rhamnosus JYLR-127 intake and the alleviation of
constipation as well as the symptoms of the infection. However, the results in Figure 6A,D
showed no significant correlation in the abundance of Lactobacillus with the Bacteroidetes
and Firmicutes (r = −0.17, p = 0.36; r = 0.29, p = 0.13, respectively), which may be attributed
to the limited duration of L. rhamnosus JYLR-127 administration, and that the efficacy of L.
rhamnosus JYLR-127 may also be achieved through modulating the overall microecology of
the patients.
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Figure 6. L. rhamnosus JYLR-127-mediated gut microbiota improvement was correlated with the
alleviated symptoms of constipation and infection after fracture surgery. Pearson correlation analysis
was conducted between (A) the relative abundance of Lactobacillus and Bacteroidetes; (B) PAC-SYM
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4. Discussion

Trauma, aging and the ravages of war rank the top three reasons for the prevalence of
fractures in recent years [17]. Complications such as constipation and the risk of infection in
post-surgery fracture patients hinder the rehabilitation process, posing a burden to clinical
practice [18]. The incidence of constipation in hospitalized patients is statistically up to
75% [9], which may be related to post-surgery management, medication, and mental status,
thus new adjunctive therapies for intervention and alleviation are urgently needed. The
consistent benefits of probiotic preparations in maintaining intestinal homeostasis and
physiological health make them our priority [19]. Therefore, in this study, we administrated
L. rhamnosus JYLR-127 to 100 fracture patients with post-surgery constipation to evaluate
its potential in improving gastrointestinal symptoms and anti-inflammatory responses.

It is worth emphasizing that despite the proven efficacy of L. rhamnosus in the treat-
ment of chronic constipation [20], fracture patients with a history of chronic constipation
were excluded at the outset of recruitment to ascertain consistency and comparability at
baseline. In addition, the application of antibiotics was not strictly limited, as it is necessary
for fracture patients to take antibiotics to prevent bacterial invasion and infection, even
septicemia [21]. Indeed, the intestinal microecology of the post-fracture patients in this
study was fragile and relatively monotonous due to antibiotic usage, trauma-induced
immune disorder and postoperative dietary restriction. The administration of L. rhamnosus
JYLR-127 made multiple bacteria in Firmicutes stand out as dominant and inhibited the
colonization of conditionally pathogenic bacteria, which proved that L. rhamnosus JYLR-127
could to some extent circumvent the effect of antibiotics and play a positive role. Consis-
tent with our results, there are studies suggesting that long-term supplementation with L.
rhamnosus GG benefits the intestinal microbiota composition, protects against penicillin-
associated microbiota disruption, and provides long-lasting protection of the intestinal
barrier function [22].

Undoubtedly, oral supplementation with L. rhamnosus JYLR-127 (2 times/day for
one week) has been shown to ameliorate the symptoms of constipation after fracture
surgery. The increased defecation frequency in the TRE group indicated an improvement
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in bowel motility, the median Bristol score symbolized the normalization of fecal traits,
and the decreased PAC-SYM scale scores parallelly represented a general restoration
of gastrointestinal symptoms in patients [23,24]. Mechanistically, the above results were
mainly attributed to the reconstruction of the disrupted gut microbiota and the modification
of the intestinal microecology by probiotics intake orally. Although no obvious difference
was found in global assessments of species diversity before and after L. rhamnosus JYLR-
127 intervention as well as the placebo control, the rise in Firmicutes and the decline
in Bacteroidetes were statistically significant. In the species composition heatmap, the
dominant genera of TRE samples were concentrated in certain probiotics, which differed
significantly from the FAC and CDN groups. It can be surmised that one week after the
intervention the gut microbiota of patients was still in the process of rebuilding, although
dominant species emerged and took the lead, the reconstruction of many microscopic
bacteria was not yet complete. On the basis of Pearson correlation analysis, we focused
on the increased Firmicutes and decreased Bacteroides at the phylum level, especially the
latter, to which Alistipes and Prevotella, observed with significant differences at the genus
level, belong. Together, these two phyla constitute more than 90% of the gut microbiota,
with the Firmicutes/Bacteroidetes (F/B) ratio being a universal indicator in evaluating the
dynamic balance of the intestinal tract [25]. Firmicutes contain predominately butyrate-
yielding bacteria, which work in maintaining the integrity of the intestinal barrier and
participating in the digestion, absorption and metabolic transport of nutrients [26]. At the
genus level, Faecalibacterium and Coprococcus are both biomarkers available to evaluate the
health status of the human gastrointestinal tract [27,28]. Bacteroidetes, on the other hand, is
more comprehensive and active in functional effects and, due to the presence of wide ranges
of pathogenic bacteria, mediates intestinal immunity while also being prone to causing
dyspepsia and homeostatic imbalances under unfavorable conditions [29]. The rebound
of the F/B ratio reflects the normalization of gut microbiota, which may be one of the
targets of L. rhamnosus JYLR-127 intervention in improving the post-surgery constipation
symptoms of fracture patients.

The suppression of inflammation and infection in fracture patients with post-surgery
constipation by oral administration of L. rhamnosus JYLR-127 was also the concern explored
in this study. Studies have shown a positive correlation between C-reactive protein levels
with the degree of infection and injury, which is necessary for evaluating the activities
of acute inflammation and surgical trauma, as well as the efficacy of medications [30].
Although the only observed significance lay in the decrease in C-reactive protein in the
probiotic intervention group compared to the placebo control, the anti-inflammatory and
anti-infective effects of L. rhamnosus JYLR-127 could be reflected. Alistipes and Prevotella
were considered pro-inflammatory bacteria, with mounting inflammatory diseases related,
such as irritable bowel, colorectal cancer, and cirrhosis [31,32]. One controversy is Prevotella,
whose nature as an opportunistic pathogenic requires us to invest more time in investi-
gating its role in inflammation inhibition in post-fracture constipation patients. PLT has
been adopted to determine the hypo or hypercoagulable state of the blood and thus target
medications to prevent bleeding tendencies or thrombosis in post-fracture patients [33]. In-
terestingly, PLT, which was originally only a minor indicator that we tested in routine blood
tests, showed unexpected statistical differences between the TRE and CDN groups, which
led us to consider the possibility of L. rhamnosus JYLR-127 for coagulation improvement in
post-fracture constipation patients with low PLT counts.

Inevitably, there are some shortcomings in this study. Due to the limited number of
fracture patients with post-surgery constipation recruited, statistical analysis may be subject
to error and bias. Perhaps the rigorous inclusion of participants and strict management of
trial protocol may partially compensate for this drawback by improving patient compliance
and the reliability of the results. Given that most constipation induced by physical blows is
mild [34], we considered it ideal to take short-term probiotic intervention. Also, patients
undergoing fracture rehabilitation are usually discharged from the hospital within an
average of 2–3 weeks postoperatively [35], while continuing interventions and follow-up
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after discharge are difficult and compliance cannot be guaranteed either. This means that
from the determination of post-fracture constipation to the completion of the intervention,
efficacy validation needs to be conducted. Thus, the experiment duration was controlled to
one week, which could explain most of the negative results, but the long-term effect of L.
rhamnosus JYLR-127 on post-fracture constipation could not be captured. In addition, the
unmatched samples pre- and post-intervention may influence the validity of the results to
some extent, especially on the microbial data. Although the alleviation of constipation and
inflammation has been observed simultaneously, as well as the correlation between gut
microbiota remodeling and symptom improvement, it was not yet possible to link both
organically. Therefore, operations such as multi-omics analysis based on the metabolites of
the organism and gut microbiota, and the establishment of a post-fracture constipation rat
model might be applied in the follow-up to clarify the potential mechanism of L. rhamnosus
JYLR-127 on post-fracture constipation.

5. Conclusions

In conclusion, our study identified more vulnerable and susceptible intestinal mi-
croecology with elevated systemic inflammatory response, infection risk and bleeding
tendency in fracture patients with post-surgery constipation. While L. rhamnosus JYLR-127
intervention significantly increased the relative abundance of Firmicutes and reduced
Bacteroidetes, especially Alistipes and Prevotella, which helped rebuild the impaired gut
microbiota, promote defecation function, improve constipation symptoms, and at the same
time resist inflammation and infection. These results confirmed the benefit of L. rham-
nosus JYLR-127 administration in eliminating the complications of fracture patients with
post-surgery constipation, which was anticipated to enhance prognosis and accelerate
fracture rehabilitation.
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