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Background: In the treatment of long thoracic nerve palsy with pectoralis major transfer, it remains un-
known whether direct transfer of the pectoralis to the scapula or indirect transfer with an interpositional
graft provides superior outcomes.

Methods: A 3-tiered study was performed to gain a comprehensive understanding. (1) A survey of the
membership of the American Shoulder and Elbow Surgeons (ASES) was conducted to reach a Level V
consensus. (2) A systematic review was conducted to identify all series evaluating direct and indirect trans-
fer of the pectoralis major tendon to create a Level IV consensus. (3) A retrospective review was performed
to provide Level III evidence.

Results: (1) Surgeons were evenly split between whole and split tendon transfers, direct and indirect trans-
fers, and graft types. More experienced surgeons were more likely to prefer an indirect transfer. (2) Anal-
ysis of 10 Level IV studies (131 shoulders) revealed that patients who underwent indirect transfer were
significantly more likely to develop recurrent winging (P = .009) and had lower active forward elevation
(P <.001) and ASES scores (P =.0016). (3) Twenty-four patients were included in our retrospective re-
view with a mean follow-up of 4.3 years (77% follow-up), of whom 14 underwent indirect transfer and 10
underwent direct transfer. There were no significant differences in recurrence of winging, range of motion,
or ASES scores.

Conclusions: Level V and III evidence suggests that there is no functional difference between direct and
indirect transfer. Level IV evidence must be interpreted with caution.

Level of evidence: Level III, Retrospective Cohort Design, Treatment Study.
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Table I  Survey questions and answers

Question

Possible answers

Is an electromyogram necessary for diagnosis?

How many months do you wait for recovery before considering a
tendon transfer?

When performing a tendon transfer, what is your ideal donor
muscle?

What is your ideal technique for transfer?

What is your ideal graft?

How many years have you been in practice?
Did you complete fellowship training?

How many patients have you seen with this condition in the last

year?
How many patients have you seen with this condition in the
history of your practice?

Yes/No
6/9/12/18/24

Pectoralis minor/Pectoralis major/Sternal head of pectoralis major
Direct transfer onto the scapula augmented with a graft/Indirect

transfer [tendon graft extension] with allograft or autograft/
Direct transfer onto the scapula

Fascia lata autograft/Achilles allograft/Hamstring autograft/

Tibialis anterior allograft

No/Hand/Shoulder and elbow/Sports/Multiple fields

scapula to the thorax, providing the remainder of the gle-
nohumeral and parascapular musculature a stable fulcrum
against which to elevate the humerus.'”'"**** Paralysis of
the serratus therefore predictably leads to dysfunc-
tion."'"?%?* Most long thoracic neuropathies resolve
within 12 to 18 months, and thus the majority of patients
can be successfully treated with expectant observation with
physical therapy and avoidance of activities that involve
elevation of the shoulder.”* '

For those patients who fail to respond to nonoperative
treatment, a variety of tendon transfers to substitute for
the action of the serratus anterior have been
proposedllfli(ml 1,13,14,17,18,20,22 The sternal head of the
pectoralis major is particularly well suited owing to similar
line of pull, excursion, and cross-sectional area (i.e., power)
to the serratus.”*'"'"** The surgical technique has
evolved, with older series reporting the use of an inter-
positional fascia lata autograft.”'""'* The use of the graft as
a bridge was thought to lead to stretching and fraying of the
graft, with the development of recurrent winging in some
patients.®'*'*'7!¥ These concerns led to an anatomic
“proof of concept” study showing that direct transfer of the
sternal head of the pectoralis major was possible without
the use of a graft for interposition.'” This has been followed
by a number of studies demonstrating excellent outcomes
with this technique.z‘zo However, because direct transfer
places the transferred sternal head of the pectoralis major
on significant tension, it can lead to traction neurapraxia of
the medial and lateral pectoral nerves’ as well as potentially
decreased postoperative range of motion.'® At our institu-
tion, we have modified the techniques described to avoid
issues of both autograft donor morbidity and stretching of
fascia lata grafts. Two separate techniques have been
employed by the 2 senior authors: either (1) direct transfer
in a fashion similar to previously described'** techniques
with Achilles allograft augmentation or (2) indirect transfer
with an interpositional tibialis anterior allograft tendon.

Numerous orthopedic procedures involve the use of graft
tissue for the reconstruction of ligament and tendon. In these
procedures, graft length is critical to restoration of function.
However, our understanding of the effect of biologic incor-
poration and mechanical strain on change in length in graft
tissue remains incomplete. The purpose of this study was to
compare direct and interpositional indirect transfers. Our
hypothesis was that direct transfers would provide superior
outcomes by avoiding loss of graft tension. Because of the
rarity of the procedure, it was decided to provide a compre-
hensive understanding of the currently available evidence
using a 3-part study with (1) a Level V survey of the mem-
bership of the American Shoulder and Elbow Surgeons
(ASES), (2) a Level IV systematic review of the literature,
and (3) a Level III retrospective comparative cohort study.

Materials and methods
Survey

To better understand the current state of the art, we conducted an
anonymous survey of the ASES membership. Participants were
asked a series of 9 multiple choice questions that can be seen in
Table 1. An a priori condition was set that the survey would not be
considered complete until a 25% response rate was achieved. All
analyses were conducted in Excel X (Microsoft Inc., Redmond,
WA, USA) and SPSS 21 (IBM Inc., Armonk, NY, USA). Data
were analyzed by descriptive statistics and 2. These analyses
looked to determine whether a relationship exists between the use
of indirect and direct transfer and years in practice, area of
fellowship training, and number of patients seen.

Systematic review

PubMed (MEDLINE), the Cochrane Central Register of
Controlled Trials, and MD Consult were searched for all literature
published from January 1, 1970, to January 31, 2014, with the
following key words: pectoralis transfer AND (serratus OR “‘long
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Figure 1

thoracic” OR palsy OR winged OR scapula). General search
terms were used in an effort to capture all of the relevant studies.
The abstracts of all resultant citations were reviewed by 2 authors.
Studies were included only if they reported on clinical outcomes
after pectoralis transfer for long thoracic nerve palsy. Criteria for
exclusion were as follows: (1) fewer than 3 patients reported, (2)
no clinical outcomes reported, and (3) articles in languages other
than English.

Study characteristics, demographic characteristics, preopera-
tive data, operative data, and postoperative data were recorded
from each of the studies included for analysis. Study authors were
contacted to gather missing data where necessary. Data were
extracted from sources and then standardized to arithmetic means
and standard deviations. In those cases in which standard devia-
tion was not reported, it was calculated from the measure of
variance reported by the authors. All means were weighted for
sample size. Data are reported as weighted means + standard
deviation. Statistical analysis was reported only for those variables
reported by >50% of the cohorts. In all cases, a P value of <.05
was considered statistically significant. Data reported as pro-
portions were compared with z test calculators, which allow sta-
tistical comparison between 2 groups with different sample sizes.

Comparative cohort study

The operative logs of the 2 senior authors was reviewed from 2004
until the present, and those patients who had long thoracic nerve
palsy and underwent transfer of the sternal head of the pectoralis
major with or without use of tibialis anterior or Achilles allograft
were included in this study. Exclusion criteria included patients
with incomplete medical records.

The preoperative, operative, perioperative, and postoperative
records for each of these patients were reviewed. Demographic and
preoperative data were collected. Preoperative electromyography
(EMG) was not performed in all cases as not all patients agreed to
undergo EMG and in some cases the diagnosis was sufficiently clear
to the examining surgeon that preoperative EMG was not thought to
be clinically indicated. Postoperative data included complications
and time to return to work or sport. Patients were also assessed
clinically for recurrence of winging. The following clinical data
were collected preoperatively and at final follow-up: range of

These schematic diagrams demonstrate direct (A) and indirect (B) pectoralis major transfer for serratus anterior palsy.

motion, the visual analog scale (VAS) score for pain, the Simple
Shoulder Test (SST) score,® and the ASES score.

Surgical technique

Our surgical technique is similar conceptually to previously
described 2-incision techniques for transfer of the sternal head of the
pectoralis major to the inferior portion of the lateral border of the
scapula.”?? After placement of the patient in the lateral decubitus
position, the humeral insertion of the sternal head of the pectoralis
major was identified through an axillary incision. This attachment
was sharply detached and bluntly dissected from the clavicular
head, all while protecting the long head of the biceps tendon and the
humeral attachment of the clavicular head. To prepare the recipient
site, a 5-cm incision was made at the inferior aspect of the lateral
border of the scapula. The interval between the teres major and the
latissimus dorsi was exploited, and the inferior lateral border of the
scapula was subperiosteally dissected both anteriorly and posteri-
orly. A 2-cm drill hole was then made roughly 1 to 2 cm from the
lateral border of the scapula, roughly at the junction of the inferior
and middle thirds of the scapula. After rasping of the tunnel edges
clean to avoid any fragments that may fray the graft, a blunt tunnel
was created along the lateral thoracic cage while being careful to
avoid a graft position that might compress the neurovascular bundle.
The graft was then brought through the tunnel, confirming a direct
line of pull. The sutures were brought through the scapula, and the
scapula was manually reduced.

Direct transfer technique

In cases in which a direct transfer was performed, an Achilles
allograft was employed, and it was tubularized with No. 5 braided
sutures. The graft was then passed through the center of the
pectoralis tendon and secured to itself by passing No. 5 FiberWire
sutures (Arthrex Inc., Naples, FL, USA) through the graft, through
the pectoralis tendon, and then through the graft again, tying these
sutures to form the graft-tendon construct into a single unit. The
transfer was tensioned until the pectoralis tendon contacted the
scapula, with the graft used as an augment to assist in fixation
(Fig. 1, A). In these cases, No. 5 FiberWire sutures were placed
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through the tendon, through the augmentation, and through the
bone of the scapula itself.

Indirect transfer technique

In cases in which an indirect technique was used, the sternal head
of the pectoralis major was interwoven with and tubularized
around allograft tibialis anterior tendon prepared with No. 2
Ethibond (Johnson and Johnson, New Brunswick, NJ, USA)
Krackow locking stitches at both ends, with the tendon-graft
junction reinforced with No. 2 Ethibond sutures to create a tapered
construct. The graft was brought through the hole in the scapula
and tensioned to reduce the scapula, but the pectoralis was not
seated against the scapula and a gap existed between the tendon
and the scapula. The graft was then sewn back onto itself with No.
2 FiberWire sutures (Fig. 1, B).

Similar postoperative protocols were used for both cohorts.
Postoperatively, patients were immobilized in a sling for the first 4
to 6 weeks after surgery. At 6 weeks postoperatively, formal
physical therapy was initiated, with a gradual progression from
range of motion to strengthening with a focus on retraining the
pectoralis musculature to assist with scapular stabilization during
forward elevation, although no formal biofeedback is used. Pre-
vious studies have documented failure due to premature return to
athletic activity or heavy labor at 2 to 3 months post-
operatively,"®'? and thus we restricted patients from return to
these activities for 4 to 6 months, depending on the activity and
the patient.

Planned statistical analyses included Kolmogorov-Smirnov
testing to determine whether parametric or nonparametric tests
would be more appropriate and then paired Student ¢ tests or
Mann-Whitney U tests as appropriate to compare preoperative and
postoperative VAS, SST, and ASES scores. Categorical data were
compared by Fisher exact tests. No portion of the study received
any funding.

Results

Survey

One hundred and twelve members of the ASES responded
for a response rate of 26.6%, of whom 50% had been in
practice for >20 years and 84% had been in practice for
>10 years. Of all respondents, 94% were fellowship
trained, with 59% having fellowship training specifically in
shoulder and elbow surgery. Despite these respondents
being fellowship-trained experts with well-established
referral practices, this condition and this procedure
remained infrequent, with 91% of respondents having seen
fewer than 5 cases within the past year and 47% of re-
spondents having seen fewer than 10 cases in their careers.
A minority of surgeons could be classified as high-volume
surgeons, with only a single surgeon having seen >20 cases
in the past year and only 25% of respondents having seen
>20 cases in their careers. The majority of respondents
thought that EMG was necessary to make the diagnosis
(79%; Supplemental Fig. 1). Although spontaneous
improvement has been well described,>*!'%?? there was no

consensus regarding the length of nonoperative treatment
necessary before tendon transfer, with 46% of respondents
selecting 1 year and 83% of respondents selecting 1 year or
greater. There was no consensus regarding whether a split
or whole pectoralis tendon should be used, with 30% of
surgeons preferring the sternal head, 63% of surgeons
preferring the entire pectoralis major, and 2% of surgeons
preferring the pectoralis minor. There was also no
consensus regarding transfer technique, with 30% of sur-
geons selecting a direct transfer, 24% of surgeons selecting
a direct transfer augmented with a graft, and 40% of sur-
geons selecting an indirect transfer with graft interposition.
There was no consensus regarding graft type, and surgeons
were split between autograft and allograft (Supplemental
Fig. 1).

When responses were stratified by years in practice, less
experienced surgeons were no more likely than their more
experienced counterparts to use whole vs. split tendon
transfer or to prefer allograft over autograft (P = .11 and
253, respectively; Supplemental Fig. 2, A and B). Less
experienced surgeons were more likely to use a direct
transfer technique, and surgeons who had been in practice
for more years were more likely to use an indirect transfer
with graft interposition (P = .026; Supplemental Fig. 2, C).
Surgeons who had seen more cases during their careers
were more likely to use a split transfer with the sternal head
as the donor tendon (P < .001; Supplemental Fig. 3, A) and
more likely to use an indirect transfer technique with graft
interposition (P < .001; Supplemental Fig. 3, B), but there
were no differences in graft selection (P = .238;
Supplemental Fig. 3, C).

Systematic review

The initial keyword search produced 238 combined unique
articles from the 3 databases. After application of inclusion
and exclusion criteria, 10 studies were included
(Supplemental Fig. 4). There were 131 shoulders in 130
patients at final follow-up. Overall, there were 27 shoulders
(26 patients) that received a direct transfer, which were
compared with 104 shoulders (104 patients) that received
an indirect transfer (Supplemental Table I). Unlike in our
comparative cohort series, all direct transfers within our
systematic review were performed without augmentation
and all indirect transfers used autograft tendon.

Patients who underwent indirect transfer were signifi-
cantly more likely to develop recurrent medial scapular
winging than those who underwent direct transfer (7.2% =+
3.1% vs. 32.3% + 15.8%; P = .009). Patients who under-
went indirect transfer also had significantly lower post-
operative active forward elevation (152° =+ 5° wvs.
164° 4+ 10°; P <.001) and ASES scores (63 £ 5 vs 66 =+ 3;
P = .0016) despite a shorter overall length of follow-up
(41 + 18 months vs. 61 4+ 30 months; P = .001) and a
population of younger patients (33 + 1 vs. 38 + 4;
P <.0001). There were no additional significant differences
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Table I Weighted mean and standard deviation of patient
demographics and outcome measures in the direct and indirect
cohorts

Variable Direct Indirect P value
Mean SD Mean SD
Age (years) 37.6 4.0 32.6 0.9 <.0001
Men (%) 40.5 19.2 56.0 17.7 .16
Traumatic (%) 48.2 6.6 66.1 15.8 .09
Iatrogenic (%) 30.4 20.9 183 15.4 .17
Idiopathic (%) 133 4.6 14.0 5.1 9
Prior surgery (%) 59.7 25.2 40.0 16.8 .06
EMG positive (%) 100.0 0.0 89.9 13.0 .08
Duration of symptoms  48.7 23.0 35.4 11.8 .18
(months)
Length of follow-up 61.2 30.2 41.4 185  .001
(months)

Preoperative AFE (°) 115.9 35.9 102.8 13.2 .63
Postoperative AFE (°) 164.0 10.1 152.3 4.7 <.001

ASES score 65.8 3.4 63.2 5.1 .0016

Failures (%) 7.4 3.2 10.7 11.6 .54

Anatomic failures (%) 7.7 3.3 6.8 9.5 .86

Rate of return to 93.8 11.2 81.0 14.2 11
work (%)

Winging on 7.2 3.1 323 15.8 .009

examination (%)
Reoperation rate (%) 11.3 6.4 15.6 11.1 .52
Complication rate (%) 7.7 33 165 104 .23

SD, standard deviation; EMG, electromyography; AfE, active forward
elevation; ASES, American Shoulder and Elbow Surgeons.

with respect to demographics, preoperative data, or post-
operative outcomes (Table II; P > .05 in all cases).

Comparative cohort study

Twenty-four patients with a mean follow-up of 4.3 + 2.2
(standard deviation) years met inclusion criteria, with 9
men and a mean age of 30.0 £ 10.1 years (Table III).
Eleven patients had undergone a variety of previous
shoulder surgeries, including 1 glenohumeral fusion, 1
suprascapular nerve decompression, 1 long thoracic nerve
decompression, 1 distal clavicle resection, 1 scap-
ulothoracic bursectomy, 3 subacromial decompressions,
and 5 labral repairs. Two patients had also undergone
anterior cervical diskectomy and fusion. In 14 cases, a
tibialis anterior allograft and an indirect transfer were used;
and in 10 cases, an Achilles allograft tendon and a direct
transfer were used. One patient in each cohort underwent a
concomitant procedure; in the indirect cohort, 1 patient
underwent a concomitant arthroscopic subacromial
decompression, and in the direct cohort, 1 patient under-
went a concomitant superomedial angle resection. Three
patients in the indirect cohort developed postoperative
complications, including 2 suture wound infections that
resolved with oral antibiotics and 1 case of complex

regional pain syndrome. One patient in the direct cohort
developed postoperative arthrofibrosis requiring a manipu-
lation under anesthesia. Patients in the direct cohort has
significantly higher preoperative VAS scores (P = .041),
significantly lower SST scores (P = .02), and significantly
lower ASES scores (P = .006) and were also less likely to
have confirmatory EMG (P = .009). There were otherwise
no other differences between groups preoperatively.

There were no significant postoperative differences be-
tween the indirect and direct cohorts in rates or return to
full-duty work, return to play, resolution of scapular
winging, complications, VAS scores, SST scores, ASES
scores, or range of motion (P > .05 in all cases; Figs. 2 and
3, Table IIT). There were no significant differences between
groups in change in VAS, SST, or ASES scores preopera-
tively and postoperatively (P > .05 in all cases). Within the
overall cohort, VAS (P =.003), SST (P =.006), and ASES
(P < .001) scores were significantly improved post-
operatively compared with preoperative scores (Figs. 2 and
3, Table III). Range of motion was not significantly
different between groups (P > .05 in all cases). No patients
were dissatisfied with the cosmetic appearance of their
axillary fold or chest postoperatively.

Discussion

Serratus anterior palsy due to long thoracic neuropathy
causes significant shoulder disability with restricted range
of motion, loss of strength and endurance, and
pain.">""?%*? In those patients who do not recover, serra-
tus transfer of the sternal head of the pectoralis major has
been demonstrated to decrease pain, to improve range of
motion, and to improve outcomes, 'O 11-13:14.17.18,20.22
However, it remains unknown whether an indirect tech-
nique with interpositional autograft or a direct technique
without the use of a graft leads to better outcomes, with
each having advantages and disadvantages. The purpose of
this study was to understand the optimal technique through
a survey of experts, a systematic review of the literature,
and a comparative cohort analysis.

Our survey of the ASES membership revealed that no
current consensus exists among experts regarding this
condition, with surgeons split between donor tendon, sur-
gical technique, and graft type. More experienced surgeons
were more likely to use an indirect transfer technique with
graft interposition, which could reflect a historical bias
within training, given that the direct technique was first
described in 2000. Alternatively, experience may have led
these surgeons to select the indirect technique.

Within the systematic review, patients who underwent
indirect transfer were 4.5 times more likely to develop
recurrent medial scapular winging and had a mean of 12°
less postoperative active forward elevation. These results
were achieved despite a mean length of follow-up
20 months longer for direct transfers and an older
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Table III  Baseline demographic characteristics and outcome measures for each group in our comparative cohort study as well as for
the overall group
Variable Direct Indirect P value Total

Mean SD Mean SD Mean SD
Gender (% female) 60 NA 64 NA .582 63 NA
Manual laborers (%) 20 NA 50 NA .143 38 NA
Surgery on dominant extremity (%) 60 NA 50 NA 473 54 NA
Concomitant procedures (%) 10 NA 7 NA .670 8 NA
Tatrogenic etiology (%) 14 NA 0 NA .330 8 NA
Idiopathic etiology (%) 21 NA 10 NA .395 17 NA
Traumatic etiology (%) 64 NA 90 NA 171 75 NA
EMG positive (%) 93 NA 40 NA .009 71 NA
Prior shoulder surgery (%) 43 NA 50 NA .527 46 NA
Age (years) 30 8 30 12 984 30 10
Time from injury to surgery (years) 3.7 3.9 1.5 0.7 122 2.4 2.7
Preoperative VAS 7.4 1.6 4.9 2.7 .041 5.7 2.6
Preoperative SST 2.4 3.6 5.4 3.2 .067 4.4 3.6
Preoperative ASES 26 11 51 25 .006 42 24
Preoperative AFE 101 40 131 27 .240 114 37
Preoperative AER 39 28 43 16 .851 41 22
Length of follow-up (years) 3.9 2.3 4.5 2.2 487 4.3 2.2
Complications (%) 21 NA 10 NA 437 17 NA
Return to full duty (%) 10 NA 36 NA 1.000 25 NA
Return to full play (%) 0 NA 29 NA .200 17 NA
Winging resolved (%) 86 NA 93 NA 1.000 90 NA
Postoperative VAS 4.4 2.8 3.7 3.4 .603 4.0 3.0
Postoperative SST 5.9 4.7 7.5 4.0 .378 6.8 4.3
Postoperative ASES 52 29 64 29 .339 59 29
Postoperative AFE 137 50 166 13 .110 155 34
Postoperative AER 55 30 72 16 .175 65 24

SD, standard deviation; NA, not applicable; EMG, electromyography; VAS, visual analog scale score for pain; SST, Simple Shoulder Test score;
ASES, American Shoulder and Elbow Surgeons score; AFE, active forward elevation; AER, active external rotation.
P values of <.05 are bolded for emphasis. There were no differences in postoperative outcomes between groups.

Technique
MDirect
Mindirect

Pre-ASES  Post-ASES ~ Pre-AFE  Post-AFE  Pre-AER  Post-AER

Figure 2 Mean preoperative (Pre) and postoperative (Post)
American Shoulder and Elbow Surgeons (ASES) scores as well as
mean active forward elevation (AFE) and active external rotation
(AER) (%standard deviation) for both direct and indirect groups.

population of patients by 5 years. Whereas a difference was
also seen in ASES scores, it is not likely to be clinically
significant because the minimal clinically important

Transfer
10 Tecnique
MDirect

[Mindirect

Pre-operative  Post-
operative
SST

Pre-operative  Post-
V. operative SST
VAS

Figure 3  Mean preoperative (Pre) and postoperative (Post) vi-
sual analog scale (VAS) scores for pain and Simple Shoulder Test
(SST) scores (tstandard deviation) for both direct and indirect
groups.

difference for the ASES score is 12 to 17 points after
nonoperative treatment for rotator cuff disease.'” The Level
IV evidence suggests that interpositional grafts are more
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likely to attenuate with time and to lead to recurrence of
medial scapular winging. Differences in forward elevation
may be due to the loss of a stable fulcrum against which the
glenohumeral musculature can elevate the humerus.

Within our comparative cohort, no significant differ-
ences were observed in functional outcomes, recurrence of
winging, or return to work or play. Unfortunately, in both
groups, outcome remains guarded, with a final overall
ASES score of 59 £+ 29 and 54% of patients unable to
return to work, which is consistent with the current litera-
ture on direct transfers. Superior results to previous studies
were seen in our indirect cohort, possibly because tibialis
anterior allografts may be more appropriate than fascia lata
autografts to avoid winging recurrence, especially in the
setting of a heavy laborer intending to return to the pre-
injury profession. However, patients should be counseled
that even with resolution of winging, pain may be persistent
because of either persistence of the underlying neuropathy
or inability of the transfer to recreate physiologic scap-
ulohumeral rhythm even with resolution of winging.

Our methodology provides insight into differences be-
tween Level III, Level 1V, and Level V evidence as all 3
were obtained simultaneously for this condition. Given the
relative rarity of this condition even among subspecialist
referral practices (91% of survey respondents had seen
fewer than 5 cases within the past year), randomized clin-
ical trials may be impossible to perform, and thus the ev-
idence presented here may represent the highest level of
evidence attainable. Interestingly, in this case, the Level V
evidence and Level III evidence were concordant in their
findings of the equivalency of both techniques, whereas the
Level 1V evidence strongly suggested direct transfer to be
superior. Surgeons must be cautious while interpreting
Level IV evidence because results are difficult to interpret
and to compare between cohorts without a control group,
even with standardized outcome measures.

Limitations

This study has several important limitations. Limitations of
the survey include a relatively low response rate and recall
bias. Limitations of the systematic review include a relative
scarcity of clinical studies, which are all Level IV and are
heterogeneous. Limitations of the retrospective case series
include a small sample size, short-term follow-up, and se-
lection bias. In addition, direct transfers in our comparative
cohort were augmented with allograft, whereas those within
the systematic review were not, which limits the ability to
compare between arms of our study. A post hoc power
analysis using ASES scores determined that 146 patients
would be necessary to adequately power a randomized
clinical trial for this condition. In combination, all of the
series published to date include only 131 patients, so it
seems unlikely that such a trial will even be conducted, and
thus these conditions can be considered effectively equiv-
alent. Our ability to compare those patients with

interpositional tibialis anterior allografts and those with
augmentational Achilles allograft is also limited by residual
unmeasured bias between the study groups as each comes
from an individual surgeon, and thus minor differences in
populations of patients, surgical indications, previous pro-
cedures, operative technique, and postoperative rehabilita-
tion protocol may play a role in differences seen between
groups.

Conclusion

Treatment of long thoracic nerve palsy with split pec-
toralis major transfer can significantly improve patient-
oriented outcomes, but final clinical outcomes remain
guarded, and many patients have persistent pain
regardless of the transfer technique selected. The highest
level of currently available evidence on the topic sug-
gests that both indirect and direct transfers are equiva-
lent in outcomes.

Disclaimer

The authors, their immediate families, and any research
foundation with which they are affiliated have not
received any financial payments or other benefits from any
commercial entity related to the subject of this article.

Supplementary data

Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.jse.2014.12.014.
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