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Comparison of Surgical Outcomes and Perioperative Laboratory
Parameters Following Minimally Invasive Plate Osteosynthesis versus
Conventional Plating in Long Bone Fractures
Abhinav Sharma’, Santosh Kumar Mishra’, Mulayam Singh Yadav'

Learning Point of the Article:
MIPO provides comparable fracture union with superior perioperative outcomes and reduced biological insult compared to conventional
plating.

Introduction: Minimally invasive plate osteosynthesis (MIPO) has been increasingly adopted as an alternative to conventional open reduction
and internal fixation due to its potential to preserve soft-tissue integrity and enhance fracture healing. This study aimed to compare surgical
outcomes and perioperative laboratory parameters between MIPO and conventional plating.

Materials and Methods: A prospective comparative studywas conducted on 60 patients with long bone fractures, divided equally into MIPO (n
=30) and conventional plating (n = 30) groups. Intraoperative parameters, perioperative laboratory values (hemoglobin [Hb], total leukocyte
count [TLC], C-reactive protein [CRP], and serum creatinine), and post-operative outcomes, including time to union and complications, were
evaluated. Statistical analysis was performed using appropriate tests, with P < 0.05 considered significant.

Results: Baseline characteristics were comparable between groups. The MIPO group demonstrated significantly shorter operative duration
(72.5 £ 14.3vs. 89.6 + 16.8 min), reduced blood loss (118.4 + 36.7 vs. 245.2 + 52.1 mL), lower transfusion requirement (10.0%vs. 33.3%), and
shorter hospital stay (6.2 £ 1.5 vs. 9.1 + 2.3 days) (P < 0.05). Post-operative Hb levels were significantly higher, while TLC and CRP levels were
significantly lower in the MIPO group on days 1 and 3 (P < 0.001). Mean time to union was shorter in the MIPO group (14.8 £2.6vs. 17.2+3.1
weeks, P=0.002). Union rates and complication rates were comparable between groups (P > 0.05).

Conclusion: MIPO offers superior perioperative outcomes and reduced inflammatory response with comparable union rates and
complications, making it an effective alternative to conventional plating.

Keywords: Minimally invasive plate osteosynthesis, conventional plating, fracture fixation, perioperative parameters, fracture union.

Introduction osteosynthesis has traditionally been considered the standard

Fractures of long bones are among the most common injuries
encountered in orthopedic practice and frequently require
surgical stabilization to restore alignment, facilitate early
mobilization, and optimize functional outcomes [1]. Open
reduction and internal fixation (ORIF) using plate

operative technique; however, it is associated with extensive
soft-tissue dissection, periosteal stripping, and disruption of
fracture biology, which may contribute to complications such as
infection, delayed union, and non-union [2,3].

In recent years, the concept of biological fixation has gained
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prominence, emphasizing preservation of the fracture
environment and soft-tissue integrity. Minimally invasive plate
osteosynthesis (MIPO) has emerged asanimportant technique
aligned with these principles, utilizing indirect reduction and
limited surgical exposure to minimize vascular compromise at
the fracture site [3,4]. The development of locking
compression plates and improved instrumentation has further
facilitated the widespread adoption of MIPO in the
management oflongbone fractures [4].

Several comparative studies and meta-analyses have evaluated
the outcomes of MIPO versus conventional plating techniques.
Evidence suggests that MIPO is associated with reduced
intraoperative blood loss, shorter operative duration, and lower
rates of complications such as infection and iatrogenic nerve
injury, while maintaining comparable or improved fracture
unionrates [ 1,5].Inaddition, MIPO has been shown to resultin
faster fracture healing and reduced post-operative pain due to
minimal soft-tissue disruption [5,6]. Despite these advantages,
concerns remain regarding technical complexity, radiation
exposure, and potential for malreduction.

Although multiple studies have compared these techniques in
specific fracture types, there remains variability in reported
outcomes, particularly with respect to perioperative
physiological response and laboratory parameters. Therefore,
the present study was undertaken to compare surgical
outcomes and perioperative laboratory parameters between
MIPO and conventional plating, with the aim of providing a
comprehensive evaluation of their clinical effectiveness.

A. MIPO: Immediate Postoperative

\

D. Conventional Plating: Healed Fracture

Figure 1: Radiographs of clinical cases comparing the two methods.

B. Conventional Plating: Immediate Postoperstive

Materials and Methods
Study designand setting

This was a prospective, comparative, observational study
conducted in a tertiary care teaching hospital. The study aimed
to compare surgical outcomes and perioperative laboratory
parameters in patients undergoing MIPO versus conventional
ORIFE.

Ethical considerations

Ethical considerations were strictly adhered to throughout the
study. Approval was obtained from the Institutional Ethics
Committee before commencement (IEC/GMC/155; dated
February 22, 2024). Written informed consent was secured
from all participants before enrollment. The study was
conducted in accordance with the ethical principles outlined in
the Declaration of Helsinki.

Samplesize estimation

Sample size was determined based on previously published
comparative studies evaluating MIPO and conventional
plating, where individual study sample sizes ranged from
approximately 30-70 patients [1,7,8]. Assuming a moderate
effect size in perioperative blood loss and operative duration, a
confidence level of 95%, and a power of 80%, the calculated
minimum sample size was 54 patients. To account for possible
attrition, a total of 60 patients were included and divided equally
into two groups; Group A: MIPO (n=30) and Group B: ORIF
(n=30)

Studypopulation

Patients presenting with diaphyseal
fractures of long bones (e.g., humerus,
tibia, or femur) requiring surgical fixation
were screened for eligibility.

Inclusion criteria
« Age>18years

« Closed fractures or Gustilo-Anderson
type Ifractures

« Patients fit for surgery under anesthesia

« Patients providing informed written
consent

Exclusion criteria
« Pathological fractures

« Openfractures Type Iland ITI
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Table 1: Baseline demographic and clinical characteristics of study participants) Qutcome measures

MIPO Group Conventional plating

Primaryoutcomes

Variable P-value

(n=30) group (2=30) « Fracture union (clinically and

Age (years), mean+SD 38.6+12.4 40.2+11.8 0.58 radiologically assessed)
Gender (Male/Female) 21-Sep 20-Oct 0.79 « Time to union (weeks).

Mode of injury

(RTA/Fall/Others) 18-09-2003 17-10-2003 0.96 Secondary outcomes

Bone involved « Post-operative complications
(Humerus/Tibia/Femur) 10-12-2008 913/8 0.94 (infection, non-union, implant failure)

Fracture type « Functional outcome using standardized
(Closed/Type I Open) 26-Apr 25-May 0.71 scoring systems (e.g., DASH or

. . . . . . equivalent depending onbone involved).
MIPO: Minimally invasive plate osteosynthesis, SD: Standard deviation

Previous literature indicates that union

« Polytrauma patients with life-threateninginjuries rate, complication profile, and functional

] ) scoresare key endpointsin such comparisons [1].
« Previous surgery at the fracture site

« Patients with severe systemic illness (e.g., uncontrolled

diabetes, renal failure). Follow-up

Patients were followed up at 6 weeks, 3 months, and 6 months
postoperatively. Clinical and radiological assessments were

Groupingandintervention -
ping performed at each visit.

Patients were allocated into two groups based on the surgical
technique used:

« Group A (MIPO): Fractures were treated using MIPO,
involving indirect fracture reduction and percutaneous plate

Statistical analysis

Statistical analysis was performed using the Statistical Package

insertion with minimal soft-tissue dissection. for the Social Sciences version 25.0 after initial data entry in

) ] ] Microsoft Excel. Continuous variables were summarized as

« Group B (Conventional plating): Patients underwent ORIF . L ) .
] i ) ] ] R mean with standard deviation, whereas categorical variables
using standard plating techniques with direct visualization of . .
i were presented as proportions and percentages. Comparison of

the fracturesite. . .
means between the two groups was carried out using the

Both procedures were performed by experienced orthopedic independent t-test, while categorical variables were analyzed

surgeons using standard operative protocols. using the Chi-square test. A P < 0.05 was considered indicative

Perioperative parameters assessed Table 2: Comparison of intraoperative and perioperative parameters

Duration of surgery (min), Intraoperative

MIPO Group Conventional plating Povalue

blood loss (mL), Need for blood Parameter
transfusion, and Length of hospital stay (n=30) group (n=30)

d ded. i i

(days) wererecorde Duration of surgery (min), | ) g4 3 89.6+16.8 <0.001
Laboratory parameters mean+SD
Blood samples were collected Intraoperative blood loss 118.4436.7 2450450 1 <0.001
preoperatively and on post-operative day 1 (mL), mean+SD ) ) ’ ’ '
and day 3 to assess hemoglobin (Hb), total | Blood transfusion required
leukocyte count (TLC), C-reactive protein (Yes/No) Mar-27 Oct-20 0.03
(CRP), and serum creatinine. These Hospital stav (davs
parameters were selected to evaluate pmeanin]() ) 6.2+1.5 9.1£2.3 <0.001
perioperative physiological stress and

inflammatory response [ Hg. MIPO: Minimally invasive plate osteosynthesis, SD: Standard deviation
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groups (P > 0.05). However, post-

Table 3: Comparison of perioperative laboratory parameters operative changes showed significant

. . MIPO group Conventional group variations. On post-operative day 1,

Faraimeter Time point (mean£SD) (mean+SD) P-value Hb levels were significantly higher in
Pre-operative 12.8+1.2 12.6+1.3 0.52 the MIPO group (11.6 * 1.1 g/dL)

Hemoglobin (g/dL)| Post-operative Day 1 | 11.6+1.1 10.2+1.4 <0.001 | compared to the conventional group
Post-operative Day 3 | 11.9+1.0 10.6£1.2 <0.001 (10.2 £ 1.4 g/dL) (P < 0.001), and

this difference persisted on day 3 (P <
0.001). TLC and CRP levels were
significantly elevated in the

Pre-operative 8,200+1,100 8,350+1,050 0.61
TLC (cells/mm?) | Post-operative Day 1 | 9,800+1,300 11,600+1,500 <0.001
Post-operative Day 3 | 9,200+1,200 10,800+1,400 <0.001

conventional plating group on post-

Pre-operative 5.241.8 5.5¢1.7 0.48 operative days 1 and 3, indicating a

CRP (mg/L) Post-operative Day 1 | 14.6+3.2 22.8+4.5 <0.001 higher inflammatory response

Post-operative Day 3 | 10.2£2.6 17.44£3.8 <0.001 compared to the MIPO group (P <

Serum Creatinine Pre-operative 0.92+0.18 0.95+0.20 0.57 0.001). Serum creatinine levels did

(mg/dL) Post-operative Day 3 | 0.98+0.16 1.02+0.19 0.41 not differ significantly between the

MIPO: Minimally invasive plate osteosynthesis, SD: Standard deviation, TLC: Total| SIOUPs postoperatively (P > 0.05)
leukocyte count, CRP: C-reactive protein (Table 3).

Post-operative outcomes (Fig. 1)

of statistical significance. revealed that the mean time to

fracture union was significantly shorter in the MIPO group
Results (14.8 £ 2.6 weeks) compared to the conventional plating group
(17.2 £ 3.1 weeks) (P = 0.002). Although the union rate was
higher in the MIPO group (96.7%) than in the conventional
group (90.0%), this difference was not statistically significant

Actotal of 60 patients were included in the study, with 30 patients
in each group. The baseline demographic and clinical
characteristics were comparable between the two groups, with (P =0.30). The incidence of post-operative infection was lower
no statistically significant differences observed in terms of age, . N . .
A o . in the MIPO group (1 patient) compared to the conventional
gender distribution, mode of injury, bone involved, or fracture

type (P>0.0S) (Table1).

Intraoperative and perioperative parameters demonstrated

group (S patients), though this did not reach statistical
significance (P = 0.08). Similarly, rates of non-union and

implant failure were lower in the MIPO group, but the

significant differences between the groups. The mean duration  j;fferences were not statistically significant (P > 0.05).

of surgery was significantly lower in the MIPO group compared g, -tional outcomes were better in the MIPO group, with a

to the conventional plating group (72.5 + 14.3 min vs. 89.6 + higher proportion of patients achieving good outcomes;

16.8 min, P < 0.001). Similarly, intraoperative blood loss was
markedly reduced in the MIPO group (118.4 £

36.7 mL) compared to the conventional group Table 4: Post-operative outcomes and complications
+ . o

(2452 + 52.1 mL), which was 'statlstlcally MIPO group  Conventional
significant (P < 0.001). The requirement for Outcome P-value

. e (n=30) group (»=30)
blood transfusion was also significantly lower . .
in the MIPO group (3 patients) as compared to | 11me to union (weeks), 14.842.6 172431 0.002%
the conventional group (10 patients) (P = mean+SD
0.03). Furthermore, the mean duration of Union rate (%) 29 (96.7%) 27 (90.0%) 0.3
hospital stay was significantly shorter in Infection (Yes/No) Jan-29 May-25 0.08
patients treated with MIPO (6.2 + 1.5 days) Non-union 1(3.3%) 3 (10.0%) 0.3
compared to those undergoing conventional : .
plating (9.1 +2.3 days) (P <0.001) (Table 2). Implant failure 0 2 (6.7%) 0.15
With respect to perioperative laboratory Functional outcome 22-06-2002 16-09-2005 0.18
parameters, no significant differences were (Good/Moderate/Poor)
observed in pre-operative Hb, TLC, CRP, or | MIPQ: Minimally invasive plate osteosynthesis, SD: Standard deviation

serum creatinine levels between the two
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however, the difference was not statistically significant (P =
0.18) (Table4).

Discussion

The present study demonstrates that MIPO offers significant
perioperative advantages over conventional plating,
particularly in terms of reduced operative time, blood loss, and
hospital stay. These findings are consistent with multiple recent
studies reporting that MIPO minimizes surgical trauma due to
limited soft-tissue dissection, thereby improving perioperative
outcomes [9,10]. A recent retrospective cohort study also
observed reduced operative duration, lower blood loss, and
decreased post-operative pain in patients treated with MIPO
compared to conventional techniques [9].

The significantly lower intraoperative blood loss and better
preservation of post-operative Hb levels observed in this study
can be attributed to the biological fixation principles of MIPO.
Similar findings have been reported in prospective comparative
studies, where MIPO demonstrated a statistically significant
reduction in intraoperative blood loss compared to ORIF [10].
Meta-analytical evidence further supports that MIPO is
associated with less intraoperative blood loss and shorter
operative duration, reinforcing its minimally invasive advantage
[11].

In the present study, post-operative inflammatory markers such
as TLC and CRP were significantly lower in the MIPO group,
suggesting a reduced systemic inflammatory response.
Although limited studies have directly evaluated laboratory
parameters, the reduced tissue handling and preservation of
periosteal blood supply in MIPO are believed to contribute to
decreased inflammatory response and improved biological
healing[6,11].

With respect to fracture healing, the MIPO group
demonstrated a significantly shorter time to union, while
overall union rates were comparable between the two groups.
These findings are in agreement with previous studies and
systematic reviews, which have shown either similar or slightly
improved union times with MIPQO, likely due to preservation of
fracture hematoma and vascularity [6,12]. A recent study on
radial shaft fractures also reported comparable union rates and
functional outcomes between MIPO and ORIF, highlighting
that both techniques are effective in achieving fracture healing
[s].

The incidence of complications, including infection, non-
union, and implant failure, was lower in the MIPO group in the
present study, although the differences were not statistically
significant. This trend is supported by existing literature, which
suggests that MIPO may reduce soft-tissue complications and

nerve injuries, although overall complication rates between the
two techniques are often comparable [12,13]. In addition,
systematic reviews have demonstrated lower risks of specific
complications such as nerve palsy and surgical site morbidity
with MIPO [13].

Functional outcomes were better in the MIPO group in this
study, although not statistically significant. Similar
observations have been reported in comparative studies, where
MIPO provided equal or slightly improved functional scores
due to reduced soft-tissue damage and earlier mobilization
[5,10]. However, some studies indicate that long-term
functional outcomes tend to equalize between the two
techniques, suggesting that both methods are clinically effective
when performed appropriately [S].

Despite its advantages, MIPO is associated with certain
limitations, including increased dependence on fluoroscopic
guidance and a steeper learning curve for surgeons. Increased
radiation exposure and potential for indirect reduction-related
malalignment have been reported in previous studies,
emphasizing the need for adequate surgical expertise [11].
Therefore, careful patient selection and surgical proficiency are
essential to maximize the benefits of MIPO.

The present study has several limitations that should be
acknowledged while interpreting the findings. First, the
relatively small sample size may have limited the statistical
power of the analysis and may restrict the generalizability of the
results to abroader population. Second, the single-center design
further constrains external validity, as the findings may not fully
represent variations in patient characteristics and clinical
practices across different healthcare settings. Third, the absence
of randomization in patient allocation introduces a potential
risk of selection bias, which could have influenced comparative
outcomes between groups. In addition, the relatively short
follow-up period of 6 months may not be sufficient to evaluate
long-term outcomes, including delayed complications or late
functional deterioration. These factors collectively suggest that
while the observed results are clinically informative, they
should be interpreted with caution, and larger multicenter
randomized studies with extended follow-up are warranted to
validate and strengthen the evidence base.

Conclusion

MIPO demonstrated superior perioperative outcomes
compared to conventional plating, including reduced operative
time, lower intraoperative blood loss, decreased need for blood
transfusion, and shorter hospital stay. In addition, MIPO was
associated with a lesser post-operative inflammatory response
and better preservation of Hb levels. Although fracture union
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rates and complication profiles were comparable between the
two techniques, MIPO showed a significantly shorter time to
union and a trend toward improved functional outcomes. These
findings suggest that MIPO is a safe and effective alternative to
conventional plating, offering distinct perioperative advantages
with comparable overall clinical outcomes.

Clinical Message

MIPO offers significant perioperative advantages over conventional
plating, particularly in reducing surgical trauma, blood loss, and
hospital stay. The technique is associated with a lower inflammatory
response and faster fracture healing, without increasing
complication rates. These benefits make MIPO a preferable option
in appropriately selected patients requiring fracture fixation.
However, surgical expertise and proper patient selection remain
critical to achieving optimal outcomes.
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