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Introduction: Plate osteosynthesis has traditionally been the preferred treatment for humeral shaft fractures requiring surgical intervention. 
However, plating involves an open approach, necessitating careful and meticulous handling of soft tissue. As a result, the anterior bridge plating 
(ABP) as minimally invasive plate osteosynthesis (MIPO) is emerging as a promising technique for managing humeral shaft fractures.We 
performed an analysis on both groups (40 patients each), and our primary objectives compared were radiological outcome, functional outcome 
using UCLA shoulder score Mayo elbow score, time period of union. Our secondary objectives were rate of infection, postoperative radial nerve 
palsy, surgical time, number of fluoroscopic shoots.
Material and Method: Eighty patients with humerus mid-shaft fractures which with inclusion criteria were randomly selected and divided into 
two groups. Group1(n= 40) patients were treated with MIPPO by ABP and group 2 (n = 40) with open reduction and internal fixation (ORIF).
Discussion: Most of the studies which have been done previously on this MIPO technique used Locking compression plate which showed good 
results, even when compared to intramedullary nailing and conventional plating. Using the Locking compression plate gives us confidence in 
terms of giving relative stability even in young patients with good bone stock. The unique feature of this study is the even Dynamic compression 
plate gives us good secure fixation with relative stability causing axial micro-movements at the fracture even in transverse fracture pattern.
Results: Eight patients were randomly selected by allotting them alternatively to each procedure, with 40 in each group. Group-1 patients are 
operated by Anterior Bridge Plating, Group-2 patients are operated by conventional posterior plating using DCP. Male to female ratio was 4:1 
and the mean age group was 31-45 years. The most common type of fracture pattern seen was B2 type according to AO classification system. 
Group-1 (ABP) showed better results in terms of infection, post-operative radial nerve palsy, time period of union, time period of union and 
functional outcome. Yet, this also few shortcomings like long surgical time period with increased radiation exposure.
Conclusion: The MIPPO by ABP technique provides good results comparable to the ORIF method for all types of humeral shaft fractures. 
While this new technique may promote early union and better functional outcomes by minimising perioperative complications and soft tissue 
dissection, it also involves a significant amount of radiation exposure.
Keywords: Minimally invasive plate osteosynthesis (MIPPO), Anterior bridge plating (ABP), Open reduction and internal fixation (ORIF)
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Learning Point of the Article:
New minimal invasive technique can avoid many complications with the advantages of the anatomy and principle of the fixation system.
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Introduction
Humeral shaft fractures account for 1–3% of all the adult 
fractures with a reported annual incidence of 13–15/1 lakh 
persons [1,2]. Treatment options range from conservative 
options,such as functional bracing to plate fixation (via anterior, 
posterior, or anterolateral approaches) or intramedullary 
nailing (antegrade).Despite multiple options, no gold standard 
exists[2,3]. While non-operative methods, particularly 
functional bracing, have been effective in selected cases due to 
the humerus’s ability to tolerate displacement, surgery is gaining 
favor for its benefits of early mobilization and fewer 
immobilization-related complications.Functional bracing, 
dating back to ancient Egypt[4], stabilizes the fracture through 
soft tissue compression and allows joint movement, promoting 
healing while preventing stiffness[5].Surgical fixation, 
especially plate fixation and intramedullary nailing, offers faster 
recovery but comes with technical considerations[6]. 
Biological fixation, minimizing soft tissue disruption while 
maintaining stability,has become more popular, though its 
superiority is still debated[7].Minimally invasive plate 
osteosynthesis (MIPO) using the anterolateral bridge plating 
(ABP) method, have shown promising outcomes[8,9]. MIPO 
by ABP avoids radial nerve exposure, reduces soft tissue trauma, 
and may speed up healing compared to conventional plating, 
particularly the posterior approach that requires radial nerve 
exposure [8, 9, 10]. Although, a long locking compression plate 
(LCP) is used for ABP routinely [10], we hypothesized that a 
longer dynamic compression plate (DCP) in bridge mode will 
also yield functionally good outcomes in non-osteoporotic 
bones. In this study, we compared prospectively the outcome of 
humerus shaft fractures treated by open reduction and internal 
fixation (ORIF) with DCP and by ABP  with  DCP.

Materials and Methods

Study design 
The demographic and fracture characteristics of the two 
treatment groups were compared using the Chi square test or 
Fisher's exact test for nonparametric categorical variables or 
using the Student's t test for parametric variables. Operative 
time and the union time were compared using the Student's t 
test and complications using Fisher's exact test.
This is a prospective comparative study that was conducted at 
our institute (IEC Approval No – 
ESICMC/SNR/IEC/S0172/07-2022), where patients with 
fractures of humerus shaft in age group of 18 to 65 years were 
admitted for surgical fixation during August 2022 to February 
2024. The Sample size was calculated with Formula used: 
n=1+2C(SD/d)2 =80, with 40 in each group. Convenient 
sampling was chosen for this study until 40 patients were 
included in each of the treatment groups. Patients were 
divided in to two groups by simple randomisation (SNOSE 
method), where in one group was operated by ABP with DCP 
and other group was operated by ORIF with DCP fixation. A 
pieces of paper with the treatment allocation (named as ORIF 
and ABP) are placed inside an opaque envelope and sealed. 
The envelopes are then sequentially numbered, and the 
recruiting clinician opens them in order as new participants 
enrol. The treatment assignment inside the envelope is 
revealed to the clinician and is used for the participant. The 
envelope is assigned a sequential number, and the treatment 
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Figure 1: Incisions for proximal and distal windows.
Figure 2: Periosteal plane was developed on anterior surface of humerus and 
connected the two windows.
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assignment is kept hidden until the trial is over. It is double 
blinded study. This is how allocation is concealed. Patients 
with mid-shaft humerus fracture located atleast 60 mm distal 
to surgical neck and 60mm proximal to olecranon fossa in the 
age group of 18-65 years and who consented to participate in 

the study are included. Patients with compound 
Grade3C[Gustilo-Anderson Classification], suspected 
pathological fractures and those with radial nerve and vascular 
Injuries are excluded from the study. The intervention was 
done based on the allocated procedure as described below. 
The operated arm was immobilised in armsling/shoulder 
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Figure 3: Proximal and distal but one screws are inserted first. Figure 4: Final reduction images, wound closure.

Figure 5: Anterior bridge plating.10 months postoperative. Figure 6: Clinical images showing shoulder and elbow rom.
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immobiliser for 24 hours. 
• Checked neurovascular status post procedure.
• Only elbow Range of motion [ROM] is started.
• Wound inspection done on the second day.
• Suture removal on postoperative day 14
• Shoulder ROM is started.
• Check x-rays are taken on monthly interval to check for union.
Patients are followed every monthly to assess clinically and 
radiologically up to the period of one year. Functional 
assessment is done by using shoulder UCLA score and MAYO 
elbow score.
All patients are assessed every monthly and both scores – 
UCLA and Mayo elbow scores were calculated at each visit. The 
variables which were assessed - period of radiological union, 
functional outcome, non-union, infection rate, radial nerve 
palsy rate, surgical time and number of fluoroscopy shoots. The 
demographic and fracture characteristics of the two treatment 
groups were compared using the Chi square test. Operative time 
and the using the Student's t test and complications using 
Fisher's exact test.

Surgical procedure

ABP Technique
After thorough evaluation and the workup of the patients and 
under Regional or general anaesthesia, patient was placed in 
supine with arm abducted about 60 degrees with injured arm on 
radiolucent arm board an acceptable alignment was achieved, 
and approximate length of the plate (10-12 holed) was 
determined and both proximal and distal incisions were marked 
under C arm intensifier. A 3-5cm long incision on the upper 
metaphysis of the Humerus was made. The soft tissues were 
dissected bluntly to reach the bone. The 3-5 cm distal incision 
was made and with blunt dissection the bone in distal 

metaphysis was reached lateral border of biceps brachii 2 cm 
above the elbow crease with flexion of elbow joint to relax 
biceps brachii (Fig. 1). The inter-nervous plane in Proximal 
window is between axillary nerve (deltoid) & medial & lateral 
pectoral nerves (pectoralis major) and in the Distal part is 
between Musculo-cutaneous & Radial nerve (medial & lateral 
½ of brachialis). The anatomical plane is proximally lateral to 
the tendon of long head of biceps & detached the insertions of 
pectoralis major & part of deltoid. Distally identify the plane 
between biceps & brachialis, by retracting biceps medially, a 
split was made in the midline of brachialis longitudinally to 
develop an epi-periosteal plane. Lateral ante-brachial cutaneous 
nerve was protected. Forearm was placed insupinated to protect 
radial nerve. The sub muscular epi-periosteal plane developed 
at distal incision site is developed proximally using a blunt 
periosteal retractor, thereby connecting the two windows (Fig. 
2a, b). A 10-12 holed 4.5mm Narrow Dynamic compression 
plate (DCP) was inserted through the proximal window & 
proximal segment of the plate was aligned with the anterior 
surface of Humerus shaft. Proximally one screw was inserted 
(Fig.3,4) and the fracture is manipulated and reduced under c-
arm guidance. Then distal most screw was inserted. Finally, four 
more screws – 2 proximal and 2 distal were inserted depending 
on the access through the surgical incision window. Arm sling 
pouch was given and elbow range of motion was started 
immediately, shoulder motion was started at 2 weeks. Case 
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Figure 7: Rate of infection: Infection rate in both groups.

Figure 8: Post-operative radial nerve palsy rate in this study.

Total

ABP ORIF Yes

Yes 1 2 No

No 39 38 77

Total 40 40 80

Table 1:Non-union rate inthis study

Non-union
Group

ORIF: Open reduction and internal fixation
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follow-up radiological and clinical images Fig. 5-8. Fluoroscopy 
shoots are taken frequently during this procedure to confirmed 
the placement of the plate (equidistant from the fracture and 
maintain the working length), reduction of the fracture site and 
screw length.

ORIF with DCP Plating 
Conventional Anterolateral approach or a posterior approach 
was used to reduce fracture by open reduction and then an 
adequate sized DCP plate was used to stabilise it with at least 7-8 
screws. 
Patients are followed every month to assess clinically and 
radiologically up to 1 year. Functional assessment was done by 
using shoulder UCLA score and MAYO elbow score. The 
variables which were assessed are period of radiological union, 
functional outcome, non-union, infection, Radial nerve palsy, 
range of motion (flexion, extension. Abduction, adduction, 
internal and external rotations). The need of fluoroscopy is less 
comparatively as the fracture reduction, its stability and plate 
placement are visible with naked eye and shoots are taken rarely 
just to confirm the screw length.

Statistical analysis
The demographic and fracture characteristics of the two 
treatment groups were compared using the Chi-square test. 
Operative time and the use of the Student’s t-test and 
complications using Fisher’s exact test.

Results
Eighty patients were taken in this study who had Humerus mid-
shaft fractures. They were divided into two groups.
In ABP group, only 1 case showed superficial infection, whereas 
in ORIF group,2 cases showed infective non-union. 2 cases of 
group-1 and 5 cases of group-2 had postoperative radial nerve 
palsy which all of them recovered spontaneously. Hence, the 
rate of palsy is more with ORIF group which is significant [p-
value<0.5]. One case of ABP resulted in non-union whereas 

two cases of ORIF showed nonunion due to infection, out of 
which one case went through grafting and the other case was 
lost in follow-up (Table 1). We studied that the range of motion 
at shoulder joint is more with ABP group comparatively as the 
p-values are significant more with flexion, extension, abduction, 
internal rotation and external rotation. Out of 40 cases of ABP, 
19 cases showed score 34, 10 cases showed 33, 10 cases-32, 1 
case  showed 30. Out of 40 cases ORIF, 10 cases showed 34, 7-
33, 9-32, 2-28, 1-24, 1-22. Because of less soft tissue dissection, 
ABP shows good shoulder outcome (p-value<0.05) (Table 2). 
In ABP group, 24 cases showed 100,1-98,1-975. In ORIF group, 
21 cases showed 100, 15-95, 3-90, 1-85. Hence, ABP shows 
better elbow outcome than ORIF cases (Table 3). ABP cases 
shows early radiological union comparatively {12weeks-mean} 
with p-value<0.05 (Table-4).  The surgical time is more with 
ABP since it is a closed reduction method (Table 5).  The mean 
number of c-arm shoots was 104.28 in Group-1 and 8.05 in 
group-2.  There was no difference in the outcome when 
compared to age, sex, side or obesity. 

Discussion
Anterior bridge plating (ABP) has emerged as a reliable, 
minimally invasive option for managing humeral shaft fractures. 
While the LCP has traditionally been favored due to its 
biomechanical strength and compatibility with MIPO 
principles, recent evidence – including findings from this study 
– supports the use of DCPs as a cost-effective and clinically 
comparable alternative. This study demonstrates that DCP, 
when used in ABP, can yield satisfactory radiological and 

UCLA Mean
Standard 

deviation

P -value     

(t -test)

ABP 33.15 0.975

ORIF 31.53 2.65

Table 2:UCLA scoring in this study

<0.001

ORIF: Open reduction and internal fixation

MAYO Mean
Standard 

deviation

P -value 

(t -test)

ABP 98.13 2.388

ORIF 97 3.889

Table 3: Mayo scoring in this study

0.123

ORIF: Open reduction and internal fixation

Radiological 

union
Mean

Standard 

deviation

P -value 

(t -test)

ABP 12.15 2.517

ORIF 14.73 1.724

Table 4:Radiological time period in this study

<0.001

ORIF: Open reduction and internal fixation
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functional outcomes, aligning with earlier research on the 
technique’s efficacy.
Despite technical challenges, such as indirect fracture 
visualization and difficulty in plate positioning, procedural 
adjustments – such as elbow flexion during fluoroscopy – can 
mitigate these issues. The reduced operative time and lower 
implant cost make DCP a viable choice, particularly in resource-
limited settings.
Multiple studies support the clinical value of ABP.  Kumar et al. 
noted early return to function with minimal soft tissue 
disruption [11]. Similarly, in our study, 2 cases of ORIF resulted 
in infection which were eventually ended non- union. 2 cases of 
ABP showed superficial infection which was subsided with 
antibiotics and implant removal after fracture was united 
completely (5-6 months) due to minimal soft tissue disruption.
Thakor et al. highlighted the construct’s ability to withstand 
biomechanical stresses through relative stability[12]. Hence in 
our analysis, ABP cases had radiological union by 12.75 weeks 

(mean)and ORIF cases had by 14.75 weeks 
(mean). Even though there is absolute stability 
in conventional method, ABP showed less 
time period of time. 
Yang’s comparison of MIPO and ORIF 
favoured ABP for its superior safety and 
functional outcomes [13], and Bhandra et al. 
confirmed its safety in straight forward 
f racture patterns w hen per formed by 
experienced surgeons [14]. In our study, mean 
UCLA shoulder score was 33.15 in ABP and 
31.53 in ORIF. The mean Mayo elbow score 
was 98.13 in ABP and 97 in ORIF. Therefore, 
the functional outcome is better in ABP group 
similarly to the previous studies.
Anatomical safety remains paramount. 
Apivatthakakul et al. identified high-risk zones 
for nerve injury during screw placement, 
emphasizing the need for precise technique 
[ 1 5 ] .  S u w a n n a p h i s i t  e t  a l .  f u r t h e r 
demonstrated the variability in radial nerve 
anatomy, underlining the importance of 
preoperative planning and intraoperative 
vigilance [16]. 5 cases of ORIF and 2 cases of 
ABP showed postop radial nerve palsy in our 
research. All of them recovered spontaneously. 
The reason to have radial nerve palsy in ABP is 
because not having knowledge about the 
precise location of radial nerve and it varies in 
each individual and may have anatomical 
anomalies, and uncontrolled drilling where 

the drill bit can hit the nerve posteriorly.
ABP preserves periosteal blood supply, limits soft tissue 
disruption, and allows micromotion conducive to callus 
formation—all factors that support fracture healing and reduce 
complications such as infection and non-union. Although 
technically demanding, ABP with DCP represents a promising 
and practical alternative to traditional plating methods, 
especially when performed by skilled surgeons .
This study is a reliable research as it covers a good sample in 
both groups with no sexual bias and the most common age 
group and followed the cases for the period of 1year. However, it 
doesn’t include the elderly population where DCP cannot be 
used, doesn’t include post-traumatic radial nerve palsy (GA-3C 
with wrist drop), as whether ABP does not involve radial nerve 
exploration or the need of exploration is a must, as most of them 
are conserved in all types of nerve injury except in transection. 
These are its limitations and a meta-analysis should be done, 
which can include all types of open fractures with and without 

ENROLLMENT Assessed for eligibility (n=80).
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SU Mean
Standard 

deviation

P -value 

(t -test)

ABP 108.85 29.427

ORIF 78.43 19.701

Table 5:Surgical time in this study

<0.001

ORIF: Open reduction and internal fixation

radial nerve palsy or should be studied alone.

Conclusion
This study compares the outcomes of humeral diaphysis 
fractures treated with minimally invasive plate osteosynthesis 
(MIPPO) using anterior bridge plating (ABP) with dynamic 
compression plates (DCP) to open reduction and internal 
fixation (ORIF) with DCP. Both groups achieved favorable 
clinical outcomes at one-year follow-up, confirming the overall 
effectiveness of DCP in fracture management. This study 
evaluated key clinical and surgical outcomes in the 
management of humeral shaft fractures, focusing on period of 
radiological union, functional recovery, and complication rates. 
Primary endpoints included time to radiological union and 

postoperative functional outcomes. Secondary measures 
assessed the incidence of non-union, infection, and radial nerve 
palsy. Operative efficiency was examined through analysis of 
surgical duration and number of intraoperative fluoroscopy 
shots. The findings provide a comparative overview of healing 
patterns, functional performance, complication profiles, and 
technical demands associated with the studied intervention. 
Additionally, the study highlights the economic viability of 
using DCP in ABP-MIPO as a cost-effective alternative to 
locking compression plates, especially in resource-limited 
settings. Overall, the findings support broader adoption of 
ABP-MIPO with DCP for humeral shaft fractures, promoting a 
shift toward techniques that offer both clinical efficacy and 
economic accessibility.
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Clinical Message

Minimally invasive Anterior Bridge technique is a new evolving 
technique and can be done using DCP which can serve its purpose 
while giving relative stability in young and good healthy bones with 
less soft tissue dissection.
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