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ABSTRACT

Background: The humerus can be considered the most versatile bone in the human body. Plating can be performed
using a classic open approach or minimally invasive methods. Anterior bridge plating with minimally invasive
technique in shaft humerus fractures is reported as an acceptable less traumatic and reproducible procedure by several
authors. The present study was undertaken to evaluate the efficacy of anterior bridge plating.

Methods: The study was carried out involving 35 patients who met the selection criteria and were operated at the
tertiary care centre. A 4.5 mm Locking Narrow DCP (Dynamic Compression Plate) was used to fix these fractures.
The assessment of the patients was done based on functional and radiological outcomes periodically. Four patients
were lost to follow-up, so the final assessment was done based on 31 cases.

Results: Of the 31 patients in the study, 23 were males and 8 were females. Twenty three of the thirty-one patients
(74.1%) had a history of road traffic accidents. The mean radiological fracture union time was 13.2 weeks (range: 10-
16 weeks). Shoulder function was excellent in 26 cases (83.8%) and Elbow function was excellent in 28 cases
(90.3%).

Conclusions: Mid shaft humerus fractures can be effectively treated with anterior bridge plating with advantages of
shorter fracture union time, smaller scars and lower incidence of iatrogenic radial nerve palsies. It also gave better

Functional outcome with good patient satisfaction.
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INTRODUCTION

Shaft Humerus fractures are common among all age
group of people resulting from road traffic accidents,
trivial trauma, fall from height.>® The humerus can be
considered the most versatile bone in the human body as
it can successfully be approached in different ways for
fracture fixation including functional bracing, plating
(posterior, lateral, and anterior), and intramedullary
nailing (antegrade and retrograde).*® Shaft humerus
fractures can be managed conservatively in the form of
immobilization with a splint, slab and cast. Most of the

humeral shaft fractures can be managed successfully with
functional brace.®!® Shaft humerus fractures can be
surgically treated in the form of open reduction and
internal fixation with a dynamic compression plate.
Minimally invasive procedure options include either
closed reduction and internal fixation with IMIL nailing
or closed reduction and internal fixation with minimally
invasive plate osteosynthesis which is carried out in the
form of anterior bridge plating.6811-13

Recent literature has reported that plating is a better
option compared to nailing because of the higher
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complication rates associated with nailing like rotator
cuff tendinopathy and the interference with shoulder
functions.®4

Literature is also of the opinion that MIPPO has
advantage over conventional plating since there is less
soft tissue damage, less or no disruption of periosteal
blood supply (reducing the chances of nonunion), less or
no chance of iatrogenic radial nerve injury and
cosmetically better surgical scar.*®

Objective of this study was to evaluate the clinical,
radiological and functional outcomes of bridge plating in
patients with closed midshaft humerus fractures.

METHODS

A prospective study was conducted in a tertiary care
hospital (Calcutta National Medical College and
Hospital) in Kolkata from May 2022 to November 2023.
A total of 35 patients with fracture shaft humerus who
met the inclusion criteria were enrolled and treated with
anterior bridge plating by minimally invasive technique.
A 4.5 mm Locking Narrow DCP (Dynamic Compression
Plate) was used to fix these fractures and all the surgeries
have been performed by the same surgeon. The cases
were followed-up for a minimum period of 18 months to
evaluate radiological and functional outcomes. The
functional outcomes of shoulder and elbow joints were
assessed by UCLA and MEPS respectively. Four patients
didn’t turn up for follow-up, so the final analysis was
done based on 31 cases.

The inclusion criteria included skeletally matured patients
with closed, mid shaft fracture of humerus and who
consented to participate.

Exclusion criteria included patients with grade 2
(Gustilo-Anderson) onwards open fractures, any
associated fractures or polytrauma patients, patients with
neurovascular injuries, pathological fractures,

concomitant other medical illness such as malignancy,
drug addict patients (alcohol and others). Patients who
presented more than 2 weeks of injury were also
excluded from the study.

Figure 1 (A and B): Preoperative antero-posterior
(AP) and lateral (Lat) X-ray.

Figure 2: Intraoperative; (a) Around 3 cm both
proximal and distal incision, (b) Plate size determined
under fluoroscopic guidance, (c) Plate insertion from

distal incision.

Figure 3 (A and B): Intraoperatively plate position
was checked under c-arm guidance.

A preoperative clinical examination of the affected arm
was carried in all aspects like abrasions, swelling,
contusion, puckering and neurovascular deficit (chiefly
Radial nerve status). Antero posterior (AP) and lateral
(Lat) radiographs of the humerus with both shoulder and
elbow joint were taken (Figure 1). These radiographs
were used to classify the fractures and also to decide the
appropriate length of implant and planning the surgery.

Operative techniques

Patient were placed in supine position on a radiolucent
table with the affected arm in 90-degree abduction and
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forearm in full supination. No tourniquet was used. A 3
cm longitudinal was made at the interval between the
proximal part of the biceps brachii muscle medially and
the deltoid muscle laterally. Dissection was then carried
down to the humerus, where the anterior border of the
humerus distal to the crest of greater tubercle is
identified. Distally, another 3-cm incision was made
along the lateral border of the biceps muscle
approximately 1 cm proximal to the elbow flexion crease
(Figure 2). The lateral quarter of the brachialis muscle
was then split longitudinally to expose the anterior cortex
of the distal humerus and a point located on the anterior
middle line just above the coronoid fossa was identified
under direct vision. A submuscular extra-periosteal
tunnel was made between the brachial musculature and
the underlying periosteum with the help of periosteal
elevator inserted through the proximal incision and
directed distally and then inserted through the distal
incision and directed proximally. Now the provisional
reduction was done by gentle traction on the arm by
keeping the elbow in around 80-degree flexion under C-
arm guidance. Then a contoured dynamic compression
plate of appropriate size was inserted through the distal
incision, passed through the fracture site and till the
proximal incision through the submuscular tunnel. Two
K-wires were then inserted both proximally and distally
through a screw hole of the plate to temporarily fix the
plate. Then plate position and fracture reduction were
checked under C-arm in both AP and Lateral view
(Figure 3). At least 2-3 screws were inserted on either
side of the fracture to fix the plate with the bone.
Throughout the procedure, radial nerve was neither
explored nor manipulated. Fixation and implant
placement were confirmed under C-arm and were found
to be satisfactory. After giving wash to the wound,
closure was done in layers. Immediate post operatively
neuro-vascular status was checked and evaluated and
found to be intact.

movements of wrist and elbow joints and shoulder
pendulum exercises from day 3. On post op day 14 all
sutures were removed. Passive and active-assisted
shoulder ROM exercises were started under supervision
of a physiotherapist at 2 weeks after surgery. Active
abduction beyond 90° and active rotation were allowed at
3-4 weeks after surgery. The patient was allowed to
gradually resume preoperative activities with muscle
strengthening and return to full spectrum of activities at
9-12 weeks after surgery.

Figure 5: Functional shoulder movements; (a)
external rotation, (b) forward flexion, (c) internal
rotation at 6 months post-op.

Figure 4 (A and B): 6 months postoperative X-ray.

Immediate post op care

Post operatively patients were kept in shoulder arm pouch
for 6 weeks. Patients were encouraged to carry out active

Figure 6: (a) EIbow movements at 6 months post-op,
(b) Small healed scar.
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Follow up care

Follow-up was done at 4 weeks from the date of surgery,
then monthly for the next 6 months. In each follow-up
visit full length skiagram of the operated arm was taken
in both AP and Lateral view to see radiological union
(Figure 4). Union was defined as the presence of bridging
callus in 3 of the 4 cortices seen on the anteroposterior
and lateral radiographic views of the humerus. Alignment
was also assessed on the final anteroposterior and lateral
radiographs of the humerus.

The functional outcome for elbow was measured by
Mayo's elbow performance score (MEPS) which is
graded as excellent - >90 points, good -75-89 points, fair-
60-74 points and poor <60 points, and the functional
outcome of shoulder was measured by UCLA (University
of California at Los Angeles) shoulder score system
which is graded as excellent 34-35 points, good 29-33
points, fair 21-28 points, and poor 0-20 points.

A patient satisfaction questionnaire was administered and
the patients were asked to answer at the end of the study.
Answers were collected in yes/no format only.
Questionnaire was (1) absence of pain and discomfort (2)
is he okay with function of limb (3) is he happy with life
and resuming of pre-trauma activity (4) likelihood of
recommendation of same procedure to others. Patient was
called fully satisfied if he answered all questions as yes,
satisfied if he answered first three questions as yes and
deemed as not satisfied if he answered only first two
questions as yes.

Statistical analysis

Data was entered in Microsoft excel after data collection.
Excel was used to generate tables. Descriptive statistics
such as mean, SD and percentage was used to present the
data.

RESULTS

Out of 31 cases, majority of the patients belong to the age
group 25-35 years and mean age was 37.12 years. Most
of the patients were male 23 cases (74.1%) and involved
dominant arm in 20 cases. Road traffic accident (RTA)
was the most common mode of injury, found in 23 cases
(74.1%), two patients sustained injury following direct
blow by blunt object (stick/lathi) hit on the arm and rest
patients had a history of fall. We had twelve cases of A3
type; nine cases of B2 type; four cases of B1 type; three
cases each of B3 and C1 type of fracture according to AO
classification (Table 1).

The mean surgical time was 77.09 minutes (range: 60—-90
minutes) and mean radiation exposure was 76.45 seconds
(range: 50-100 seconds). The average blood loss during
surgey was 70.16 ml. The mean radiological fracture
union time was 13.2 weeks (range: 10-16 weeks) (Table
2).

Shoulder function based on the UCLA score was found to
be excellent in 26 (83.8%) cases, good in 4 cases
(12.9%), fair in one case (Figure 5). Similarly, 28
(90.3%) cases had excellent outcome based on MEPS,
while 2 cases had good and one case had fair outcome
(Figure 6 and Table 3).

Table 1: Demographic characteristics of patients

(n=31).
‘ Characteristics Numb_er Percentages ‘
of patients
<25 2 7.5
. 25-35 13 41.9
;‘{:rg” 3645 10 322
46-55 4 12.9
>55 2 7.5
Sex Male 23 74.2
Female 8 25.8
Road
traffic 23 74.2
Mode of accidents
injury Fall 6 19.3
Direct
blow 5
A3 12 38.7
. Bl 4 12.9
E:Al\z:)s)smcatlon B2 9 292
B3 3 9.6
Cl 3 9.6

Table 2: Demonstration of intraoperative variables
and union time.

Characteristics Mean Range
Operative time(minutes) 77.09 60-90
Blood loss(ml.) 70.16 50-100
Radiation exposure (seconds) 76.45 50-100
Union time (weeks) 13.2 10-16
Table 3: Distribution of functional outcome score
(n=31).
Characteristics Excellent Good (no. Fair (no.
(no. case) of case) of case)
UCLA score 26 4 1
MEPS 28 2 1

Table 4: Distribution of patient satisfaction after

treatment.
Patient’s satisfaction after treatment Number of
patients
Fully satisfied 23
Satisfied 7
Not satisfied 1
Total 31
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According to questionnaire-based satisfaction quotient,
23 patients (74.1%) were fully satisfied, 7 patients
(22.5%) were satisfied and one patient was not satisfied
(Table 4).

There was one case of superficial infection, which healed
with local care and antibiotics. Two patients had tingling
over the lateral aspect of forearm due to injury to
musculocutaneous nerve, which resolved spontaneously
over a period of 8-12 weeks.

DISCUSSION

Albrecht Haller (1708-1777) proposed the hypothesis that
bone was deposited in reaction to injury caused by the
vascularity surrounding the reparative zone and Hunter
(1728-1793) agreed with Haller's observations.'® A
fundamental component of minimally invasive fracture
surgery is this early recognition of the role of the
vasculature in fracture repair. MIPO techniques are
gaining popularity as minimally invasive approaches for
treating fractures continue to progress. The first case of
MIPO for supracondylar femoral fractures was described
by Krettek and Tscherne in 1996.17 Significant
deformation forces can be tolerated by long plates that
span a wide zone of fragmentation and have only brief
fixing on either end of the bone. Because the bending
loads are spread out over a large section of the plate,
there is less stress per unit area, which lowers the chance
of the plate failing. The entire structure becomes elastic,
allowing for the successful bridging of even minor
fractures. 1819

MIPO has been documented earlier with fair outcomes
for humeral shaft fractures. MIPO is superior to plate
fixation and open reduction for humeral fractures by
preserving the periosteal circulation while reducing the
amount of soft tissue stress caused by open surgery.
When a plate is applied to the bone using an open
approach, it disrupts the local vascularization, resulting in
osteonecrosis beneath the implant. This can lead to non-
healing or delayed healing. In a study by Paris et al the
rate of fracture non-union in conventional plate fixation
was 5.8%.2° When the implant is removed, there is a
genuine risk of refracture due to poor primary bone
healing in the absence of callus formation.?*?? In our
series, the union time for fractures was 13.2 weeks which
is better than that reported by Zhiquan et al.

The radial nerve's course is well described in text and
literature.?#2 Apivatthakakul et al reported that the mean
distance between the closest portion of a plate and the
radial nerve is 3.2 mm when the plate is positioned on the
anterior side of the humeral shaft.?® Furthermore, it was
observed by Apivatthakakul et al that the radial nerve
moved medially, nearer the distal end of the plate, when
the forearm was pronated, putting it at danger of
iatrogenic damage.? That is why, it is important to keep
the forearm in its supinated position during the
procedure. In our study, we didn’t observe any case of

radial nerve injury. Ziran et al compared the results
between traditional plating and MIPO for mid and distal
humeral shaft fractures and found that radial nerve injury
occurred in 31.3% in conventional plating and none in
MIPO.Z

Apivatthakakul et al reported that the danger zone of
musculocutaneous nerve is located between 18.37% and
42.67% of the humeral length away from the lateral
epicondyle.®® In our study, we had two cases of
neuropraxia of musculocutaneous nerve. It happened
mainly due to excessive traction during plate positioning
at the small distal incision which was made to avoid
opening of the fracture site. The nerve can be protected
by retracting the biceps medially.

The functional outcomes assessed by UCLA shoulder
score and MEPS system in the affected shoulder and
elbows were consistent with the literature.?*2°% In this
study, shoulder function was excellent in 26 (83.8%)
cases. The remaining cases had good and fair results.
Similarly, 28 (90.3%) cases had excellent outcome based
on MEPS. Most importantly, this function was achieved
by 6 months postoperatively and all the patients regained
full strength and returned to normal activities within 6
months post-surgery. This MIPO technique was also
associated with less operative scar and better cosmesis
and thus provide high patient’s satisfaction which was
also reflected in this study.

The limitation of the study was that we did not have any
control group for comparison or another group treated
with some other technique for humeral diaphyseal
fracture fixation. A larger multicenter study with control
groups will help us to arrive at a definitive conclusion.

CONCLUSION

Anterior bridge plating via MIPO is a complex technique
and require a relatively long learning curve. However, the
results are good and reproducible and there are few risks.
The plate placement and indirect reduction requires
experience. Using this anterior bridge plating instead of
other traditional plating and nailing methods is laudable,
even though randomized controlled trials are required.
This anterior bridge plating technique is less traumatic
and provide satisfactory outcomes in patients. Therefore,
we would recommend considering this procedure as one
of the treatment options in patients with closed mid shaft
humerus fractures without any nerve palsy.

ACKNOWLEDGEMENTS

Authors would like to thank to all the patients, without
whom this study would not have been possible.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

International Journal of Research in Medical Sciences | September 2024 | Vol 12 | Issue 9  Page 3271



Laha S et al. Int J Res Med Sci. 2024 Sep;12(9):3267-3273

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Epps CH, Grant RE. Fractures of the shaft of the
humerus. In: Rockwood CA, Green DP, Bucholz
RW,editors. Rockwood and Green’s fractures in
adults. 3rd ed. Philadelphia: Lippincott Williams &
Williams; 1991.

Tsai CH, Fong YC, Chen YH, Hsu CJ, Chang CH,
Hsu HC. The epidemiology of traumatic humeral
shaft fractures in Taiwan. Int Orthopaedics.
2009;33:463-7.

Frigg R, Wagner M. In: AO Manual of fracture
management. Chapters 1.2: Concepts of fracture
fixation; 2006.

Walker M, Palumbo B, Badman B, Brooks J, Van
Gelderen J, Mighell M. Humeral shaft fractures: a
review. J Shoulder Elbow Surg. 2011;20(5):833-44.
Sarmiento A, Zagorski JB, Zych GA, Latta LL,
Capps CA. Functional bracing for the treatment of
fractures of the humeral diaphysis. J Bone Joint
Surg Am. 2000;82(4):478-86.

Kurup H, Hossain M, Andrew JG. Dynamic
compression plating versus locked intramedullary
nailing for humeral shaft fractures in adults.
Cochrane Database Syst Rev. 2011;(6):CD005959.
An Z, Zeng B, He X, Chen Q, Hu S. Plating
osteosynthesis of mid-distal humeral shaft fractures:
minimally invasive versus conventional open
reduction technique. Int Orthop. 2010;34(1):131-5.
Chao TC, Chou WY, Chung JC, Hsu CJ. Humeral
shaft fractures treated by dynamic compression
plates, Ender nails and interlocking nails. Int
Orthop. 2005;29(2):88-91.

Ekholm R, Tidermark J, Térnkvist H, Adami J,
Ponzer S. Outcome after closed functional treatment
of humeral shaft fractures. J Orthop Trauma.
2006;20(9):591-6.

Toivanen JA, Nieminen J, Laine HJ, Honkonen SE,
Jarvinen MJ. Functional treatment of closed
humeral shaft fractures. Int Orthop. 2005;29:10-3.
Shetty MS, Kumar MA, Sujay K, Kini AR, Kanthi
KG. Minimally invasive plate osteosynthesis for
humerus diaphyseal fractures. Ind J Orthop.
2011;45(6):520-6.

Jiang R, Luo CF, Zeng BF, Mei GH. Minimally
invasive plating for complex humeral shaft
fractures. ~ Arch  Orthop  Trauma  Surg.
2007;127(7):531-5.

Kim JW, Oh CW, Byun YS, Kim JJ, Park KC. A
prospective randomized study of operative treatment
for noncomminuted humeral shaft fractures:
conventional open plating versus minimal invasive

plate  osteosynthesis. ~J  Orthop  Trauma.
2015;29(4):189-94.
Bhandari M, Devereaux PJ, McKee MD,

Schemitsch EH. Compression plating versus
intramedullary nailing of humeral shaft fractures: a
meta-analysis. Acta Orthop. 2006;77(2):279-84.

Lim KE, Yap CK, Ong SC. Plate osteosynthesis of
the humerus shaft fracture an its association with

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

radial nerve injury-a retrospective study in Melaka
General Hospital. The Medical journal of Malaysia.
2001;56:8-12.

Hunter J. In: Collected works. Palmer JF, editor. $4.
London: Longman Rees; 1837.

Krettek C, Schandelmaier P, Tscherne H. Distal
femoral fractures: Transarticular reconstruction,
percutaneous plate osteosynthesis and retrograde
nailing. Unfallchirug. 1996;99:2-10.

Schmidtmann U, Knopp W, Wolff C, Stirmer KM.
Results of elastic plate osteosynthesis in
polytraumatized patients: An alternative procedure.
Unfallchirurg. 1997;100:949-56.

Sturmer KM. Elastic plate osteosynthesis,
biomechanics, indications and technique in
comparison with rigid osteosynthesis. Unfallchirurg
1996;99:816-7.

Paris H, Tropiano P, Chaudet H, Poitout DG.
Fractures of the shaft of the humerus: systematic
plate fixation. Anatomic and functional results in
156 cases and a review of the literature. Revue de
chirurgie orthopedique et reparatrice de l'appareil
moteur. 2000;86(4):346-59.

Breederveld RS, Patka P, Van Mourik JC.
Refractures of the femoral shaft. Neth J Surg.
1985;37:114.

Broos PL, Sermon A. From unstable internal
fixation to biological osteosynthesis a historical
overview of operative fracture treatment. Acta Chir
Belg. 2004;104:396-400.

Zhiquan A, Bingfang Z, Yeming W, Chi Z, Peiyan
H. Minimally invasive plating osteosynthesis
(MIPO) of middle and distal third humeral shaft
fractures. J Orthop Trauma. 2007;21(9):628-33.
Gerwin M, Hotchkiss RN, Weiland AJ. Alternative
operative exposures of the posterior aspect of the
humeral diaphysis with reference to the radial nerve.
J Bone Joint Surg Am. 1996;78:1690-5.

25. Hoppenfeld S, de Boer P. The Humerus. In:
Surgical exposures in orthopaedics. The anatomic
approach. (Chapter 2). Philadelphia: Lippincott;
1984:47-75.

Apivatthakakul T, Arpornchayanon o,
Bavornratanavech S. Minimally invasive plate
osteosynthesis (MIPO) of the humeral shaft fracture:
Is it possible? A cadaveric study and preliminary
report. Injury. 2005;36:530-8.

Ziran BH, Belangero W, Livani B, Pesantez R.
Percutaneous plating of the humerus with locked
plating: technique and case report. J Trauma.
2007;63(1):205-10.

Apivatthakul T, Patiyasikan S, Luevitoonvechkit S.
Danger zone for locking screw placement in
minimally invasive plate osteosynthesis (MIPO) of
humeral shaft fractures: A cadaveric study. Int J
Care Injured. 2010;41:169-72.

Niall DM, O’Mahony J, McElwain JP. Plating of
humeral shaft fractures-has the pendulum swung
back? Injury. 2004;35:580-6.

International Journal of Research in Medical Sciences | September 2024 | Vol 12 | Issue 9  Page 3272



Laha S et al. Int J Res Med Sci. 2024 Sep;12(9):3267-3273

30. Jawa A, McCarty P, Doornberg J, Harris M, Ring D. Cite this article as: Laha S, Gupta M, Hazra R.
Extra-articular distal-third diaphyseal fractures of Functional outcome of anterior bridge plating: a new
the humerus: A comparison of functional bracing approach for treating mid shaft humerus fractures. Int
and plate fixation. J Bone Joint Surg Am. J Res Med Sci 2024:12:3267-73.
2006;88:2343-7.

International Journal of Research in Medical Sciences | September 2024 | Vol 12 | Issue 9 Page 3273



