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Abstract

Objective: To report the rate of peroneal nerve palsy after routine use of intraoperative
distraction during open reduction internal fixation (ORIF) for lateral unicondylar and bicondylar
tibial plateau fracture (TPF) repairs.

Design: Retrospective chart review

Setting: Level | trauma center

Patients; Patients with traumatic TPF treated with ORIF between 2007 and 2017
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Intervention: ORIF for lateral unicondylar and bicondylar TPF.

Main Outcome M easurement: Presence and resolution of neurovascular injury

Results: There were a total of 21 lateral unicondylar @ddbicondylar TPFs repaired via ORIF
in 60 patients identified during the study periodlhwone year follow up and complete records
for review. Thirty-six patients had staged extetfinedtion prior to ORIF while 24 were treated
with ORIF initially. Of the staged patients, 9 36 (25%) developed nerve palsy while those
undergoing initial ORIF (not staged) developed pabtsonly one case (1 of 24, or 4%). Of the
patients who developed nerve palsy 9 of 10 (90%evetaged with an initial external fixator
prior to ORIF. The incidence of iatrogenic peronealve palsy secondary to intraoperative
distraction was 16.4% (10 of 61). Only 60% (6 of) 1® peroneal nerve palsies recovered
clinically with a mean recovery time of approxinigté4 weeks. Comparison of demographics
in patients with peroneal nerve palsy versus thvagieout yielded no significant difference by
sex p = 0.08), age =0.27), fracture typep(= 0.29), tobacco us@ & 0.44) or alcohol useg =
0.78).

Conclusions: Peroneal nerve palsyis a common sequela of @RIFPFs involving the lateral
compartment utilizing an intraoperative distract@taged external fixation followed by
definitive ORIF using intra-operative distractiomas associated with significant risk for
developing nerve palsy (9/10). Many patients (400 develop peroneal nerve palsies do not
recover, leading to permanent loss of motor ansémsory function for 7% of patients studied.
None of the epidemiologic variables evaluated wadIgpredictive value for development of
peroneal nerve palsy or subsequent resolution. ti@@ashould be exercised in avoiding over
distraction when using intraoperative distracti@specially in those cases that had staged

fixation, most notably bicondylar injuries.
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Introduction

The peroneal nerve is the most vulnerable nenienlower extremity to traction-type
injury due to its close anatomical association wihté fibular head!. While several case reports
describe iatrogenic causes of peroneal nerve gasyndary to intraoperative skeletal traction in
the setting of lower extremity injufy™, no previous series have quantified the ratesodneal
nerve palsy as a sequela of open reduction intéixetion (ORIF) for tibial plateau fracture
(TPF) repair.

The purpose of this review is to investigate thie of iatrogenic peroneal nerve palsy in
association with ORIF for TPF involving the latetddia plateau when using intraoperative
distraction, along with the clinical sequela anddemiology under a single surgeon at a high-
volume, level | trauma center. This data may prbeeeficial when assessing future patients

with similar injuries by providing prognostic valte patient outcomes.

Methods

One hundred twenty-four patients that underwentfoigat TPF were identified, 10 were
excluded as isolated medial unicondylar tibial gdat fractures. Of the remaining 114 patients,
complete medical records with one year follow upenevailable for 64 patients. An additional 4

patients were excluded due to development of coimggt syndrome, leaving a total of 60



patients for this review. Of these 60 patients,|l&&ral unicondylar and 40 bicondylar TPFs
underwent surgical ORIF. All cases utilized a feahatistractor (Synthes, U.S.A., Paoli, Pa.) to
provide intraoperative traction, pneumatic toureigto mitigate intraoperative blood loss, and
regional nerve block.

Clinical examinations were performed in the prempve setting, inpatient post-
operative setting, and subsequent follow-up clvigits. For the subject to be placed in the
peroneal nerve palsy group, there must have bekzasit one of the following clinical findings
documented in the electronic medical record: (1Xdvieloss of motor function to the Tibialis
Anterior or Extensor Hallucis Longus. This typigathanifested clinically as some degree of
foot drop noted on examination. Foot eversion was aonsistently assessed; (2) Sensory —
Deficits of superficial cutaneous sensation toezittihe anterolateral lower leg/dorsum of foot
(superficial fibular) or between. 1st and seconditsligdeep fibular). This was assessed as
sensation to light touch by the clinical examiner.

Statistical analysis of continuous variables waggsmed using the Mann-Whitney U
Test with descriptive statistics reported as mead 8D. Statistical analysis of categorical
variables was performed using the Pearson Chi-8deat with descriptive statistics reported as

percentages and frequencies.

Surgical Technigue

All patients received a pre-operative regional cklcand intraoperative non-sterile
tourniquet. A femoral distractor was used in abe&s to achieve direct visualization of the
lateral tibia plateau. Self-tapping 4.5 Schanzpiere placed in the distal femur and distal tibia

using percutaneous lateral approach techniques awitiple trochar to avoid nerve injury. A



curvilinear lateral approach was used with a sulseah arthrotomy in all cases. A medial
approach was routinely used for bicondylar tibi@¢dhu fractures, with the approach taken either
posterior or anterior to the deep MCL dictated lgy fracture pattern. Medial approaches taken
anterior to the deep MCL were typically performeging minimally invasive techniques. If a
posterior medial fracture required a posterior rakeglate, this was not done using minimally
invasive techniques, but a full open approach wsesiu In all cases, dissection for the lateral
approach was kept between the lateral collategdmient and patellar tendon. Enough
distraction was achieved to allow visualizatiortiod lateral articular surface of the plateau, and
distraction was removed as soon as articular remtud¢tad been achieved in all cases. No

intraoperative distraction or tourniquet time exdrxk 2 hours.

Results

There were a total of 60 patients with 61 TPFlivng the lateral compartment who
underwent ORIF repair during the 10-year study queriOf these 61 cases, 16% (10 of 61)
subsequently developed peroneal nerve palsiegipdbktoperative setting, as determined by loss
of motor function, sensory function, or both on dimented physical examination. Sixty percent
(6 of 10) of these patients experienced complatecal resolution of symptoms with a mean
recovery time of approximately 14 weekd®(= 13.5; range = 1.5 — 39). Of the patients who
recovered, 67% (4 of 6) did so in 6 weeks or less.

Of the 61 cases 64% (39 of 61) were male and 3820{ 61) were female. The average
patient age was 46 yeail) = 11.7; range: 25-70). Regarding fracture typ&oG80 of 61) of

TPFs were bicondylar fractures while 34% (21 of @dgre lateral unicondylar fractures.



Admitted tobacco and alcohol use was 59% (36 ofabit) 34% (21 of 61), respectively (Table
1).

Of the patients who developed peroneal nervegsl40% (4 of 10) were male and 60%
(6 of 10) were female, with an average age of 42y&D = 11.7; range 25-61). Eighty percent
(8 of 10) of peroneal nerve palsies developed énkicondylar fracture setting while 20% (2 of
10) occurred with lateral unicondylar fractures phtients staged with an initial external fixator
followed by definitive ORIF, the external fixatoraw placed using percutaneous techniques and
traction manually applied to achieve appropriatkiotion. Three unicondylar fractures required
staged treatment and 33 bicondylar. Of the 3 umiglar fractures requiring staged treatment,
one developed a nerve palsy and 2 did not. OBgheicondylar tibia plateau fractures treated
staged, 8 developed a nerve palsy and 25 did hetrdte of tobacco use was 70% (7 of 10) and
the rate of alcohol use was 40% (4 of 10). Whenpamed to cases that did not develop a
peroneal nerve palsy, there were no significarfeihces by sexp(= 0.08), agef = 0.27),
fracture type§ = 0.29), tobacco use € 0.44) or alcohol useE 0.78) (Table 2).

The average OR time (patient in room to patientafuoom time) for patients who did
not develop a nerve palsy was 249 minutes vs. didtes for those who did develop palsy (p =
0.47). The average tourniquet time for those withmalsy was 106 minutes vs 104 minutes for
those who developed palsy (p = 0.82) (Table 3).

Thirty-six patients had staged external fixatioiopto ORIF while 24 were treated with
ORIF initially. Of the staged patients, 9 of 365%2) developed nerve palsy while those
undergoing initial ORIF (not staged) developed pafsonly one case (1 of 24, or 4%), with

staged fixation a significant risk factor vs. prim@®RIF (p=0.034) for the development of nerve



palsy. Of the patients who developed nerve pal®f 20 (90%) were staged with an initial

external fixator prior to ORIF (Table 4).

Discussion

Peroneal nerve palsy is an established complicatickeletal traction in lower extremity
injuries, leading to pain, numbness, and, in secases, loss of foot dorsiflexion and eversion
6] Although potentially devastating, iatrogenic peral nerve palsies due to skeletal traction in
the setting of fracture are scantly described ie literature, with the majority of articles
consisting of case reports containing 1 or 2 p&ier™. None of the palsies described in these
reports were associated with intraoperative tradioo TPF repair via ORIF.

One of these reports details a 42-year-old man sustained a closed Schatzker VI TPF
from a high-speed skiing accident who underwemngation debridement, and revision external
fixation after presenting with infection 7 dayseaftnitial external fixation for his injur{’. The
patient developed an associated peroneal nervg fat®ur postoperatively while still in the
post-anesthesia care unit (PACU). Due to concefnseove traction injury, tension on the
external fixation device was relieved and both egnand motor function were restored within 3
minutes with no subsequent complicatidfls This was the only reported case of iatrogenic
peroneal nerve palsy in the setting of TPF we vade to find. This is consistent with our
findings that patients with a staged approach wittial external fixation following by ORIF
appeared to be at increased risk for nerve pas$ys could represent a selection bias of the most
severe injuries with significant soft tissue injuoy could be directly related to the staged

approach itself regardless of fracture pattern.



Importantly, none of the peroneal nerve palsiesunstudy were identified after initial
external fixation, but rather were found after sth@RIF with intraoperative distraction of less
than 2 hours. The senior author has reduced itie ttie patient is in intraoperative distraction
over the course of his career due to this concefntemporal analysis was performed to
determine if the senior surgeon’s nerve palsy deereased over time as one might expect;
however, no association was found over his 13 yiegrsactice.

The demographics of patient sex and age in ouesselosely resembled those found in

previous analysis of TPF demographics. An invebigaencompassing 988 TPFs over a 10-
year period reported 62% of patients were male mitlaverage age of 44 yeHtsAdditionally,
a Brazilian retrospective study analyzing 239 TRiéated surgically indicated that 70% of
patients were male with an average age of 44 Y8ai/hile these metrics had no bearing on
iatrogenic palsy rates, our study supports priodifigs that most patients who suffer traumatic
TPFs are male and in the fourth decade offife

Tobacco and alcohol use have proven deleteriodsctef on peripheral nerve
homeostasis, leading to nerve degeneration an@dsed risk of injury in the perioperative

setting®*?

], While our study concluded tobacco had no effectdevelopment of palsyp (=
0.44), 70% (7 of 10) patients who developed a pathyitted to tobacco use. This number is far
above the 24% tobacco use rate of the state papulat which this study was conduct€d,
indicating tobacco use as a potential avenue tordunvestigation.

It is important to note that mechanisms such asupratic tourniquet-related ischemia
and anesthetic neurotoxicity may also be factonstrimuting to the reported peroneal nerve

palsy rates in this series. While both are potéstialogies of nerve palsy, multiple studies have

shown no significant association between persidtamer extremity nerve palsy and pneumatic



tourniquet applicatiot***” and the reported rates of neuropathic symptoms assult of
peripheral nerve blockade are typically <18%%%. The reported causative nature of these
mechanisms alone do not explain the conclusionghif study, demonstrating the role
intraoperative skeletal traction likely plays irripheral nerve palsy development.

Although there are case reports of delayed didagnolscompartment syndrome with
regional nerve blodk? there are multiple larger prospective studiesashg the safety and
increased patient satisfaction with regional neiml@ck which has become routine at many
trauma centef$?!. However, missed compartment syndrome associsidregional nerve
block is a potential contributor to the complicatiate reported in this series.

In conclusion, this study details the first conipesive review of the rate of iatrogenic
peroneal nerve palsy associated with a staged agiprof external fixation and ORIF with the
use of intraoperative skeletal traction with pnetiméourniquet and regional nerve block in
patients who underwent ORIF for TPF repair. While majority (60%) of patients with nerve
palsy experienced complete resolution of symptdr@o (4 of 61) of total cases in our review
of high energy plateau fractures resulted in peenaitoss of peroneal nerve function. It is our
suggestion that in cases using staged externakidixagreat care be employed when
subsequently applying -intra-operative distractias, this may cause a palsy, especially in

bicondylar fractures.
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Legend:

Table 1: Demographics comparing those who develgeedneal nerve palsy with those who

did not.

Table 2: Characteristics of patients who develgpadneal nerve palsy

Table 3: Differences in OR and tourniquet time thyse with and without peroneal nerve palsy

Table 4: Peroneal nerve palsies between thosepwithary and staged ORIF
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TABLE 1. Patient Demographics

Patient Data No Palsy Palsy p-value
Gender 0.08
Mae 35 4
Female 16 6
Mean Age (yrs) 47 42 0.27
Tobacco Use (%) 29 (57%) 7 (70%) 0.44
EtOH Use (%) 17 (33%) 4 (40%) 0.78
OTA
Classification 0.29
41-B1 3 0
41-B2 4 0
41-B3 14 2
41-C1 2 1
41-C2 5 1
41-C3 23 6




TABLE 2. Demographics of Peroneal Nerve Palsy Patients
Age OTA Time | Palsy
Patient | Sex | (yrs) | Classifcation | Resolution | (wks) | Type | Tobacco | EtOH

1 F 39 41-C3 Y 25 Motor Y N
2 F 54 41-C1 N - Motor N N
3 F 46 41-C2 Y 39 Motor Y Y
4 F 48 41-C3 N - Sensory N N
5 M 36 41-C3 N - Both Y N
6 M 36 41-C3 Y 6 Sensory Y N
7 M 50 41-C3 N - Both N Y
8 F 26 41-B3 Y 6 Sensory Y Y
9 F 25 41-C3 Y 6 Both Y N
10 M 61 41-B3 Y 15 Both Y Y

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Table 3. Differencesin OR and tourniquet time by those with and without peroneal nerve

palsy
Variable No Palsy Palsy Pvaue
ORtime 249 274 0.47
(mins)
Tourniquet 106 104 0.82
time (mins




Table4. Peroneal nerve palsies between those with primary and staged ORIF

Staged Palsy No Palsy % palsy Pvaue
Yes 36 9 27 25 0.034
No 24 1 23 4.2




