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ABSTRACT

BACKGROUND: In brachial plexus birth palsy (BPBP), botulinum toxin may be utilized to prevent glenohumeral dysplasia and to
maintain the stable growth of the glenohumeral joint. Repeated injections may cause muscular atrophy and their functional effects
are uncertain. The aim of this study was to compare the microstructure and the function of the muscles that received two injections
before transfer with the muscles that were not injected.

METHODS: BPBP patients that were operated between January 2013 and December 2015 were included in the study. Latissimus
dorsi and teres major muscles were transferred to humerus in standard fashion. Patients were divided in two groups according to bo-
tulinum toxin status. Group | was toxin negative whereas Group 2 was toxin positive. For each patient, mean latissimus dorsi myocyte
thickness (LDMT) was measured with electron microscopy and pre-operative and post-operative active shoulder abduction, flexion,
external and internal rotation, and Mallet scores were evaluated with goniometry.

RESULTS: Fourteen patients (seven patients per group) were evaluated. Five patients were female whereas nine were male. Mean
LDMT was not affected significantly (p>0.05). The operation improved shoulder abduction, flexion, and external rotation significantly
(p<0.05), independent of the toxin status. The internal rotation decreased significantly only in Group 2 (p<0.05). The Mallet score
increased in both groups, but it was not significant (p>0.05), independent of the toxin status.

CONCLUSION: Botulinum toxin that was applied twice prevented glenohumeral dysplasia and it did not cause permanent latissimus
dorsi muscle atropy and function loss in late period. It augmented upper extremity functions by alleviating internal rotation contracture.

Keywords: Botulinum toxin type A; brachial plexus birth palsy; electron microscopy; internal rotation contracture; tendon transfer.

ness and severe anatomic and functional disorders persist in
10% of the patients.!"®7]

INTRODUCTION

Brachial plexus birth palsy (BPBP) is a serious traumatic com-

plication that may be caused by the tractional forces of labor.
531 With a prevalence of 2.9/1000 in live births, the clinical
manifestations of BPBP varies according to the number of the
affected nerves and the severity of the traumatic injury.!
Although prompt physical therapy and surveillance enables
total recovery in most of the patients, permanent joint stiff-

Cocontraction which is the simultaneous contraction of
agonist and antagonist mucles may be present in the recov-
ery phase of BPBP and it may avoid the performance of a
successful physical therapy.® In BPBP, the contraction of the
latissimus dorsi and the teres major muscles may be weak-
ened temporarily by botulinum toxin injections to facilitate
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the physical therapy and to maintain the anatomic growth
of the shoulder and the elbow joints.®?] However, recurring
botulinum toxin injections may cause muscular atrophy and
the clinical effects of these injections on the future tendon
transfers of the injected muscles are uncertain.['

BPBP patients who do not respond to conservative physical
therapy may be referred for early nerve surgery (6—12 months
of age) or late reconstructive surgery (2 years of age).l'Z As
a late reconstructive procedure, the latissimus dorsi and the
teres major muscle tendons may be transferred to the major
tubercle of the humerus to restore the shoulder abduction
and external rotation.['”]

In this study, the electron microscopic structure and the clin-
ical function of the latissimus dorsi and teres major muscles
that were injected with botulinum toxin 2 times before the
tendon transfer were compared with the same muscles that
were not injected with the toxin. The aim of this study was to
demonstrate the structural and functional effects of recurring
botulinum toxin therapy on transferable muscles.

MATERIALS AND METHODS

The study was evaluated and approved by the Local Clinical
Studies Ethical Committee and informed consent was ob-
tained from the guardians of every patient.

The BPBP patients who required latissimus dorsi and teres
major tendon transfers for the restoration of shoulder ab-
duction and external rotation between January 2013 and
December 2015 were included in this study. All the patients
were under the active surveillance of the specialized hand
surgery board since their first postnatal month and all the
interventions were done by the same surgical team.

The patients were classified in two groups according to their
botulinum toxin injection status. Group | consisted of patients
who did not receive any injection to their latissimus dorsi and
teres major muscles before the tendon transfer surgeries.
Group 2 consisted of patients who received two rounds of
botulinum toxin injections to their latissimus dorsi and teres
major muscles before the tendon transfer surgeries. In fact, bo-
tulinum toxin injections were performed to overcome the co-
contraction of the muscles and to avoid glenohumeral dysplasia.

In Group 2, botulinum toxin (Botox®, Allergan, Inc., Irvine,
California, USA) was injected intramuscularly, close to the mo-
tor endplates of latissimus dorsi, teres major, and subscapu-
laris muscles. Twenty units of botulinum toxin were applied
through two puncture sites for each muscle and this process
was performed 2 times before the tendon transfer surgery.

Standard tendon transfer was performed in both groups.

Latissimus dorsi and teres major tendons were detached from
the intertubercular sulcus of humerus to be reinserted to the
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tuberculum majus of the same bone. The glenohumeral joint
was immobilized in a cast for 8 weeks and each patient was
evaluated at the in-house physiotherapy unit. Partial strength-
ening exercises were commenced at the 8th post-operative
week and stretching exercises were performed at the 3rd
post-operative month.

During the operation, latissimus dorsi mucle was dissected
and a biopsy specimen of 2xX2 centimeters was obtained 2 cm
caudal to the motor end plate of the muscle. This standard-
ized biopsy technique was performed in each patient. The
tissue biopsies were fixated in a 2.5% glutaraldehyde solution
and they were transferred to the histology and embryology
department with a cold chain transport principle. The tissues
were manipulated with osmium tetroxide and ethanol solu-
tions and they were embedded in epoxy rosin. The epoxy
rosin blocks were sectioned as 80 nanometers slices and ten
tissue sections were prepared for each patient. Transmission
electron microscopy was performed for each tissue section
and myocyte thickness which may be affected by muscle at-
rophy was measured for all the myocytes. All the tissue sec-
tions and measurements were photographed (Fig. I). Mean
latissimus dorsi myocyte thickness (LDMT) values were cal-
culated for each patient and each group.

Figure 1. The electron microscopic structure of the latissimus dorsi
muscle of a patient from Group 1 is demonstrated (80 nanome-
ters; epoxy rosin preparation). Latissimus dorsi myocyte thickness
(LDMT) was measured for each myocyte and the mean value was
calculated for each patient.
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The change in mean active shoulder internal rotation (degrees)
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Figure 2. The coloumn graph compares the pre-operative and
post-operative mean values of active internal rotation between the
groups.

For both groups, goniometric measurements of the shoulder
joint were performed | day before and 2 years after the ten-
don transfer surgery. Active shoulder abduction, flexion, ex-
ternal rotation, internal rotation degrees, and Mallet scores
were recorded for each patient.

The following descriptive statistical techniques were utilized
while evaluating the data of this study: mean, standard devi-
ation, median, frequency, ratio, and minimum and maximum
values. Furthermore, Mann—Whitney U-test was performed
for two group comparisons of numerical data that did not
show a normal distribution. The statistical significance value
was accepted as p<0.05. All statistical evaluations were per-
formed with Number Cruncher Statistical System 2007 soft-
ware (Kaysville, Utah, USA).

RESULTS

Fourteen patients were operated between January 2012 and
December 2015. Five patients were female and nine patients
were male. The mean age of the patients was 8 years (6—11)
and the mean follow-up period of the patients was 27 months
(25-31).

In Group 1, nine tissue sections (4—13) were prepared for the
biopsy specimen and 21 myocytes (17-24) were measured
per section. Mean LDMT was 914.7] nanometers (821.28-
1045.84). In Group 2, |1 tissue sections (1-20) were pre-
pared for the biopsy specimen and |9 myocytes (13-24) were

Table I.
scores of the groups are demonstrated

measured per section. Mean LDMT was 996.20 nanometers
(821.38-1324.99). There was not a significant difference
between the number of measured tissue sections and both
groups were comparable. The difference of mean LDMT was
not significant between the groups (p>0.05) and botulinum
toxin that was injected 2 times before the operation did not
affect the microstructure of the transferred muscle.

The pre-operative and post-operative mean active shoulder
abduction, flexion, external and internal rotation degrees,
and Mallet scores are demonstrated in Table I.

After the operation, the active shoulder abduction increased
by an average of 54.17+57.92 degrees in Group | (p=0.028),
whereas the increase was 67.86148.64 degrees (p=0.018) in
Group 2. There was not a statistically significant difference
between these increases; thus, they were not affected by the
botulinum toxin status (p=0.391).

After the operation, the active shoulder flexion increased
by an average of 77.50+44.80 degrees in Group | (p=0.028),
whereas the increase was 83.57+43.85° (p=0.018) in Group
2. There was not a statistically significant difference between
these increases; thus, they were not affected by the botulinum
toxin status (p=0.566).

After the operation, the active shoulder external rotation
increased by an average of 65.831£24.58 degrees in Group |
(p=0.037), whereas the increase was 59.29+16.18 degrees
(p=0.018) in Group 2. There was not a statistically significant
difference between these increases; thus, they were not af-
fected by the botulinum toxin status (p=0.566).

After the operation, the increase in active shoulder internal
rotation was not statistically significant in Group | (p=0.752).
However, this function decreased by 17.14£19.12 degrees
in Group 2 and this difference was statistically significant
(p=0.048). Active shoulder internal rotation was affected sig-
nificantly by botulinum toxin status (p=0.022).

After the operation, Mallet scores increased in both groups.
However, the increases were not significant statistically

The preroperative and postoperative mean active shoulder abduction, flexion, external and internal rotations and Mallet

Group |
Preoperative

Group 2
Postoperative

Group |
Postoperative

Group 2
Preoperative

Mean active shoulder abduction (Degrees) 60.83+26.16 115.00+34.93 45.71£31.42 129.29£51.19
Mean active shoulder flexion (Degrees) 57.50+26.03 135.00£25.30 48.57+32.37 116.43£47.50
Mean active shoulder external rotation (Degrees) 1.67+4.08 67.50+22.75 0 59.29+16.18
Mean active shoulder internal rotation (Degrees) 20.83+6.65 28.33+26.20 22.14+16.80 5.00+6.45
Mean Mallet Score 11.67£1.75 15.00£3.10 I1.14£1.57 14.43+2.57
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(p=0.115 for Group | and p=0.061 for Group 2) and they
were not affected by the botulinum toxin status (p=0.566).

DISCUSSION

Various methods were defined for detecting muscular at-
rophy.l'"""*1 Gutmann et al.l''l resected and weighed specific
muscles to find their atrophy status; however, such a method
was not feasible for this clinical study. Furthermore, electro-
physiologic techniques were performed as indirect measure-
ments of muscle atrophy.'® Ma et all'"! injected botulinum
toxin into the gastroknemius muscle of the rats and they
measured motor evoked action potentials for 12 months.
The electrophysiologic values showed a severe decrease at
the seconde week and they returned to normal levels at the
6™ month.!'! This technique was not preferred for this study
because electrophysiology is not a direct predictor of muscle
atrophy.

After the development of electron microscopy, microstruc-
tures of the myocytes and myofibrils were defined.l'! Den-
ervated skeletal muscles were examined with electron mi-
croscopy and a decrease in myocyte thickness was defined
as the basic sign of late term muscular atrophy.l'?!3] Borodic
et al.l'"l injected the longissimus dorsi muscles of the rabbits
with different doses of botulinum toxin and they evaluated the
electron microscopic changes in myocyte thickness 5 weeks
after the injection. They demonstrated the inverse propor-
tion between the myocyte thickness and the toxin dose.['¥
LDMT was measured with transmission electron microscopy
and the presence of atrophy was questioned in this study.

Duchen et al.l'! injected botulinum toxin locally to the gas-
troknemius and soleus muscles of the rats and they evalu-
ated the acute and chronic changes in electron microscopy.
Although the microstructures of the muscles were impaired
at the acute phase, myocyte regeneration began at the
chronic phase (4—6 weeks).l'”! These findings supported the
regeneration potential of skeletal muscles after botulinum
toxin injections. In this study, a significant difference was not
found between the groups and botulinum toxin that was in-
jected twice did not cause any permanent atrophy on the
microstructure of the latissimus dorsi muscle at the late
term.

Fortuna et al.l'¥ performed repetitive intramuscular (gas-
troknemius) botulinum toxin injections in a rabbit model
and they demonstrated local and systemic atrophy at skeletal
muscles after three injections. In another study, Fortuna et
al. stimulated the muscles of the rabbits with electric signals
after botulinum toxin injections and the stimulation had pro-
tective effects over muscle atrophy.'”! These findings were
not contradicting with the results of this study. In fact, BPBP
patients received less than three botulinum toxin injections
and all patients were following a strict physical therapy regi-
men after the injections.
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Magermans et al.l'”) defined the shoulder functions that were
integral in daily life activities and abduction and flexion were
the dominant ones. In BPBP, these dominant functions ben-
efit from the transfer of the latissimus dorsi and teres major
tendons to the major tubercle of the humerus.I'? Waters et
al.?% demonstrated a significant increase in all shoulder func-
tions and Mallet scores after this transfer. The results of this
study were concordant with the literature and the patients
had a statistically significant increase in shoulder abduction,
flexion, and external rotation after the transfers. Although
there was an increase in the Mallet scores of both groups, it
was not significant and it may be caused by the relatively low
number of the patients of this study.

According to botulinum toxin status, the patients did not
show any significant difference in shoulder abduction, flex-
ion, external rotation, and Mallet scores. These findings are
comforting for BPBP patients who are prone to glenohumeral
dysplasia; in fact, safe injections of botulinum toxin may be
performed twice for avoiding this pathologic process. While
protecting the shoulder joint, it may be possible to transfer
the tendons of the injected muscles in the future.

Price et al.?' performed botulinum toxin injections of pec-
toralis major muscles of BPBP patients before the transfer of
the latissimus dorsi and teres major tendons. They demon-
strated a decrease in internal rotation contracture and a per-
manent benefit on the external rotation deficit.?! Such per-
manent effects of botulinum toxin therapy were evaluated by
Curra et al.?? According to their hypothesis, the toxin causes
neuromuscular and peripheral changes which send different
stimuli to the central nervous system, altering its excitability
potential.?? The results of these two studies are concordant
with the most important finding of the present study which
was the decrease in internal rotation in Group 2. This de-
crease may be attributed to the peripheral and central effects
of the botulinum toxin injections on the internal rotation con-
tractures. Furthermore, it may not be regarded as a functional
loss for the patients because internal rotation of the shoulder
may be compansated by shoulder abduction and flexion.!'"]

As the strengths of this study, the groups were statistically
comparable in all aspects, the follow-up period was long and
the results were confirmed by dual methodology with elec-
tron microscopy and goniometry. However, the relatively low
number of patients was a weakness and future studies may be
performed with more patients.

Conclusion

Repetitive botulinum toxin injections may be performed on
latissimus dorsi and teres major muscles during the non-op-
erative treatment of BPBP patients. The muscles of these
tendons may be transferred safely in future reconstructive
surgeries because their microstructures and clinical functions
are similar to non-injected muscles.
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Dogumsal brakiyal pleksus felcinde botulinum toksini uygulamasinin latissimus dorsi ve
teres major kaslar tizerindeki etkisi: Elektron mikroskopik ve klinik ¢aligma

Dr. Hayri Omer Berkéz,! Dr. Erol Kozanoglu,' Dr. Atakan Aydin, Dr. Safiye Ozkan,’
Dr. Bora Edim Akalin,' Dr. Seyhun Solakoglu?

listanbul Universitesi Istanbul Tip Fakiiltesi, Plastik Rekonstriiktif ve Estetik Cerrahi Anabilim Dall, istanbul, Tirkiye
2Istanbul Universitesi Istanbul Tip Fakdiltesi, Histoloji ve Embriyoloji Anabilim Dall, Istanbul, Tirkiye

AMAC: Dogumsal brakiyal pleksus felci’nde (DBPF) glenohumeral displaziyi engellemek ign botulinum toksini uygulanabilir ve bu sayede eklemin
dogal biiylimesi saglanabilir. Tekrarlayici uygulamalar kasta atrofi yapabilir ve bunun islevsel etkileri belirsizdir. Bu calismanin amaci, tendon transferi
oncesi iki kez botulinum toksini enjeksiyonu yapilan kaslar ile enjeksiyon yapilmayan kaslari mikroyapi ve islev agisindan karsilagtirmaktir.

GEREG VE YONTEM: Ocak 2013 ile Aralik 2015 arasinda DBPF'ye yénelik omuza tendon transferi yapilan hastalar calismaya dahil edilmistir. Latis-
simus dorsi ve teres major kaslari humerusa standart yontem ile transfer edilmistir. Hastalar ameliyat 6ncesinde uygulanmis olan botulinum toksini
durumuna gore ikiye ayrilmistir. Grup |’e toksin uygulanmamisken Grup 2’ye toksin uygulanmistir. Her hasta igin ortalama latissimus dorsi miyosit
kalinhg (LDMK) elektron mikroskopi icin dlglilmUstlr. Ameliyat oncesi ve sonrasindaki etkin omuz abduiksiyonu, fleksiyonu, dis ve i¢ rotasyonu ve
Mallet skorlari goniometre ile Slglilmiistir.

BULGULAR: On dért hasta (grup basi yedi hasta) degerlendirilmistir. Bes hasta kizdir ve dokuz hasta erkektir. Ortalama LDMK gruplar arasi anlamli
farkliik géstermemistir (p>0.05). Transfer sonrasi her iki grupta da, toksin uygulamasindan bagimsiz olarak, omuz abdiiksiyonu, fleksiyonu ve dis
rotasyonu anlamli olarak iyilesmistir (p<0.05). Grup 2'de i¢ rotasyon anlamli olarak azalmistir (p<0.05). Mallet skoru her iki grupta da, toksin uygu-
lamasindan bagimsiz olarak artmistir ancak anlamli artis saptanmamistir (p>0.05).

TARTISMA: Latissimus dorsi ve teres major kaslarina iki kez uygulanan botulinum toksin enjeksiyonu glenohumeral displaziyi engellemistir ve geg
dénemde, kasta kalici atrofiye ve islev kaybina yol agmamistir. Bu uygulama ile i¢ rotasyon kontraktiirii ortadan kaldirilarak Ust ekstremite islevleri
iyilestirilmistir.

Anahtar sézclikler: Botulinum toksini tip A; dogumsal brakiyal pleksus felci; elektron mikroskopisi; i¢ rotasyon; tendon transferi.
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