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SUMMARY Introduction: Despite a trend toward the use of perforator-based flaps for autol- 
ogous breast reconstruction, the m. latissimus dorsi (LD) flap remains a popular alternative. 
Several studies have sought to uncover the shoulder-related donor-site morbidity, but the re- 
sults are inconclusive. This study aims at evaluating what impact breast reconstruction with an 
LD flap has on shoulder strength, range of motion (ROM), lymphedema, sensory disturbances, 
and patients’ ability to perform activities of daily living (ADL). 
Materials and methods: In a prospective observational study, we examined 20 female pa- 
tients undergoing delayed breast reconstruction with an LD flap. The primary outcome was a 
change in shoulder strength, measured with the Biodex System4 Pro-dynamometer. ROM was as- 
sessed using two-dimensional photogrammetry. Furthermore, the patients’ self-reported pain, 
lymphedema, sensory disturbances, and ability to perform ADL were assessed using a ques- 
tionnaire. Measurements were performed pre-operatively at 3 months and 12 months post- 
operatively. 
Results: Of the 20 included patients, 17 completed the follow-up. At the 12 months follow- 
up, a significant loss of isometric shoulder strength of 17% was observed in shoulder adduction 
( P < 0.001) and 21% in extension ( P < 0.001). Isometric strength and ability to perform ADL and 
ROM were unchanged. There was a decrease in the number of patients reporting problems with 
lymphedema (10 to 7) and an increase in the incidence of sensory disturbances (10 to 13). 
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Conclusion: A loss of shoulder strength was observed following the transfer of the LD flap; 
however, the procedure did not hinder the post-operative performance of ADLs for the patients. 
LD reconstruction seems to be a safe procedure. 
© 2022 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Pub- 
lished by Elsevier Ltd. This is an open access article under the CC BY license 
( http://creativecommons.org/licenses/by/4.0/ ) 
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ntroduction 

oday, 1 out of 10 women in Denmark are diagnosed with 
reast cancer before the age of 75. 1 Breast reconstruction 
s associated with a positive effect on the psychological 
rauma and scarred body image resulting from mastectomy. 2 

onsequently, more than 80% of women are interested in 
reast reconstruction 3 which leaves an increasing need for 
reast reconstructive procedures with limited side-effects. 
Patients who receive adjuvant radiation therapy after 
astectomy will in most cases need autologous breast re- 
onstruction to replace the damaged or missing tissue. 
utologous breast reconstruction offers the possibility of 
chieving a natural appearance of the reconstructed breast. 
Today, a number of options exist for autologous breast re- 

onstruction, and although more than a handful of different 
aps are routinely used for microsurgical breast reconstruc- 
ion, the inaugural deep inferior epigastric perforator (DIEP) 
ap remains the gold standard. 4 For patients where micro- 
urgical reconstruction is not possible or unsuccessful, the 
D flap has proven a safe and reliable option. 5 , 6 

The latissimus dorsi muscle is one of the largest muscles 
f the body and contributes to several shoulder motions, 
ost notably adduction, extension, and internal rotation. 7 

he complexity of the shoulder girdle and numerous muscles 
ontributing to the different motions of the shoulder have 
een hypothesized to compensate for a missing m. latis- 
imus dorsi to some extent. 8 The functional deficit left after 
emoving the LD flap, therefore, seems to be compensated 
y the remaining muscles of the shoulder girdle. 
However, despite several studies investigating the effect 

f an LD flap on shoulder function, the results remain am- 
iguous. 9 Few studies have utilized the “gold standard” for 
uscle testing, stationary dynamometry, 10 in combination 
ith long-term follow-up. 
The objective of this study was to determine whether a 

reast reconstruction with an LD leads to a measurable loss 
f shoulder function and if the possible loss of strength or 
ange of motion (ROM) also manifests as a functional deficit 
or the patient’s and their ability to perform activities of 
aily living (ADL). 

aterials and methods 

he study was approved by the Danish Data Protection 
gency and the Regional Health Research Ethics Commit- 
ee (jr.nr. H-2014–075). Between January 2014 and January 
017, a total of 20 patients who underwent unilateral, de- 
ayed breast reconstruction with the LD flap at Copenhagen 
niversity Hospital, Rigshospitalet were included by the first 
2206
uthor of this paper. All patients had received adjuvant ra- 
iation therapy prior to breast reconstruction. 
All patients were residing in Region Zealand and the Capi- 

ol Region of Denmark and were deemed eligible for breast 
econstruction with an LD flap by a consultant-level sur- 
eon. The indication was approved by the operating sur- 
eon, whereafter the patients were invited to participate 
n the project. Patients who were not able to understand 
he project information or could not engage in the physical 
xaminations were excluded. Patients residing at Bornholm 

ere excluded for practical reasons. 
All participants that were deemed eligible for partic- 

pation and gave consent completed the following mea- 
urements: shoulder strength (isometric and isokinetic), 
OM, and ability to perform ADL. 11 All measurements were 
erformed pre-operatively, 3 months post-operatively, and 
inimum of 12 months post-operatively. 

urgical technique 

he patient is placed in the lateral decubitus position with 
he ipsilateral arm placed anterosuperiorly to the patient. 
n incision is made from the axilla, then medially and infe- 
iorly over the muscle in parallel to the muscle fibers. A skin 
addle is kept over the flap. After elevating the skin flaps, 
he superior edge of the muscle is elevated. The dissection 
f the muscle is performed in direction of the midline and 
hen this is reached the muscle must be divided from its 
rigin. From here, the dissection continues downward to- 
ard the most inferior part of the origin at the iliac crest 
nd further underneath the muscle toward the axilla. When 
pproaching the axilla, the vessels of the pedicle were dis- 
ected till the desired length of the vessels are obtained. 
he nerve was then divided, and the rest of the muscle dis- 
ected. The flap is then tunneled through the axilla to the 
hest and the patient is turned, and now lying on the back. 
he reconstructed breast is then shaped, and an implant is 
ypically placed under the flap. A drain is placed at the re- 
onstructed breast and at the donor site on the back. 

houlder strength 

sometric and isokinetic measurements of patient’s shoulder 
trength were performed for the major shoulder functions 
here m. latissimus dorsi contributes (adduction and exten- 
ion), using a Biodex System 4 pro stationary dynamometer 
Biodex Medical Systems, Inc., Shirley, NY, USA). 
Isometric muscle strength was measured in shoulder 

dduction and extension. For the adduction test, the 
ynamometer was positioned with the patient’s arm 
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Figure 1 Application of the photogrammetry function used 
for ROM measurements. In this case, the function is applied to 
a graphical illustration of the abduction/adduction movement 
(full abduction). 
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houlder abducted to 90 °, and for the extension test, 
he shoulder was positioned to 30 ° of flexion. The mea- 
urement was recorded in Newton-meters normalized to 
ody weight (Nm/kg). The isometric muscle strength was 
easured three times, and the average was used as the 
esult. 
Isokinetic muscle strength was measured in shoulder 

bduction/adduction and extension/flexion. Patients were 
laced with their arm in the anatomical position, with ap- 
roximately 0 ° of flexion and abduction. The participant 
hen grabbed the Biodex handle at this position and mea- 
urements were initiated. The tests were performed con- 
entric (at 180, 240, and 300 °/second) and measured in 
ewton-meters normalized to body weight (Nm/kg). Isoki- 
etic muscle strength was measured three times, and the 
verage was used as the result. 

ange of motion 

he shoulder’s ROM was measured with two-dimensional 
hotogrammetry. For abduction/adduction, a digital photo 
as taken of the patient facing the camera with the shoul- 
er in anatomical position while standing. For measure- 
ents of extension, the patients were placed with their 
ide toward the camera. The patient was then asked to 
bduct/extend their shoulder as much as possible, and at 
aximum abduction and extension, a photo was taken. The 
OM was analyzed using the mobile application Hudl Tech- 
ique; formerly Ubersense (Agile Sports Technologies, Inc. 
ba Hudl, Lincoln, NE, USA). ( Figure 1 ) 

ctivities of daily living 

 questionnaire previously validated for patients undergo- 
ng mastectomy and breast reconstruction was used to as- 
ess the patient-reported outcomes. 11 , 12 The questionnaire 
ncluded 50 questions divided into seven categories, which 
ere as follows: general pain, sensory disturbances, lym- 
hedema, ADL abilities, and a free-text field for other ex- 
eriences. The pain was measured using a visual analogue 
cale (VAS) and ranged from 1 to 10. Scores from 1 to 3 were
ategorized as mild pain, 4–6 moderate, and 7–10 as severe 
ain. Ability to perform ADL was converted to scores with 1 
same as before mastectomy), 2 (same way as before, but 
ith more difficulty), 3 (same way as before, but it hurts af- 
erward), 4 (another way than before, e.g., using the other 
and/arm or “not relevant”). 

tatistical analyses 

tatistical analyses were performed using “R” statistics [R 
ore Team (2020). R: A language and environment for sta- 
istical computing. R Foundation for Statistical Computing, 
ienna Austria]. Paired t -test was used for continuous out- 
omes, and Fischer’s exact test was used for dichotomous 
utcomes. The three patients that did not complete the 
ollow-up were excluded from the final analysis. 
2207
esults 

n the study period, 21 patients were assessed and deemed 
ligible for inclusion. Of the 21 patients, one was recon- 
tructed with an alternative option as was therefore not in- 
luded in this study. We included 20 patients and 17 com- 
leted all visits (one patient did not wish to continue, one 
atient died, and one patient moved to another country). 
atient characteristics are presented in Table 1 . 
Five of the 20 procedures were performed after previ- 

usly failed reconstructions with either a tissue expander 
r a microvascular DIEP flap. Reconstructive success was 
chieved in all patients, and complications related to the 
econstructive process were rare. A description of the re- 
onstructive process is presented in Table 2 . 
A statistically significant reduction in isometric shoulder 

trength for adduction (17%) and extension (21%) was seen 
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Table 1 Baseline data regarding patients undergoing breast 
reconstruction with an LD flap. 

Patients( N = 20) 

Average age, yrs. (range) 53.5 (32–73) 
Smoking status (%) 
Smokers 
Former 
Never 

2 (10) 
3 (15) 
15 (75) 

Adjuvant therapy (%) 
None 
Radiation 
Chemo & radiation 

0 (0) 
3 (15) 
17 (85) 

Former reconstruction (%) 
No 
DIEP 
Expander 

15 (75) 
1 (5) 
4 (20) 

Time to follow-up, months (range) 13.8 (12–18) 
Comorbidities (%) 
Diabetes 
Hypertension 
Cardiovascular disease 

0 
3 (15) 
1 (5) 

Table 2 Data regarding the reconstructive procedures. 

Patients( N = 20) 

Operating time, minutes 278 (210–375) 
Blood loss, ml 116 (0–275) 
Use of implant 19 
Implant size, average 313 cc (100–555) 
Denervation of thoracodorsal nerve (%) 20 (100) 
Complications (%) 
Hematoma 
Infection 
Seroma 

1 (5) 
0 (0) 
8 (40) 
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t 12 months follow-up ( Table 3 ). No statistically significant 
hange was detected for isokinetic shoulder strength. 
ROM was unchanged for adduction as well as an extension 

t 12 months follow-up ( Table 3 ). 
For patient-reported shoulder pain, sensory distur- 

ances, lymphedema, and ability to perform ADL, no statis- 
ically significant change was observed at 12 months follow- 
p. An increase was seen in the number of patients report- 
ng sensory disturbances from the back (from 3 to 8) after 
D reconstruction and a decrease in patients reporting lym- 
hedema of the arm (10 to 7). 

iscussion 

n this prospective cohort study, we aimed to investigate the 
hanges in shoulder function that may occur after breast 
econstruction with an LD flap. A statistically significant de- 
rease in isometric shoulder strength for adduction as well 
s the extension was observed. This corresponds well with 
he hypothesis that the removal of the LD muscle should af- 
ect the strength of the shoulder girdle. On the other hand, 
sokinetic shoulder strength, ROM, shoulder pain, sensory 
2208
isturbances, lymphedema, and ability to perform ADL did 
ot change from pre-operation to 12 weeks post-operation, 
hich suggests that the agonistic muscles to the latissimus 
orsi might, to some degree, compensate for the loss. 8 

Rindom et al. performed a randomized study of shoul- 
er morbidity following breast reconstruction with either 
he conventional latissimus dorsi flap or the thoracodorsal 
rtery perforator (TAP) flap. 13 A decrease in isometric shoul- 
er strength, measured by a hand-held dynamometer, was 
bserved in both groups; for the LD group (18%) and for the 
AP group (9%). The decrease in shoulder strength was not 
tatistically significant between the two groups, but a sig- 
ificant decrease in the Constant-Murley score (CMS) for 
houlder function 

14 was found for the LD group compared 
o the TAP group. The CMS is graded from 0 to 100 points
here a young healthy patient would be expected to score 
00 points. In the CMS, a potential of 65 points is allocated 
or objective measurements of shoulder function regarding 
OM and shoulder strength (25 and 40, respectively), and 
5 points may be obtained for subjective assessment of pain 
15 points) and ability to perform ADL (20 points). 
In a prospective study of 18 patients from 2016, Sowa 

t al. found a significant reduction in isometric shoulder 
trength, measured by a hand-held dynamometer, for ad- 
uction and medial rotation of the shoulder, which was 
resent at three months post-operation, and the decrease 
n strength was maintained at three years ( −36% for adduc- 
ion and −14% for medial rotation). 15 The results from this 
tudy support these findings using a strength measurement 
evice with a high reliability and validity. 16 

A previous study from Forthomme et al. found a decrease 
n isokinetic shoulder strength by 33% for adduction, 16% 

or internal rotation, and 11% for abduction at 6 months 
ollow-up compared to pre-operative measurements, using 
 stationary dynamometer. 17 Additionally, 14 out of 20 pa- 
ients experienced a decrease in the constant score during 
he follow-up. The lack of change in isokinetic (dynamic) 
uscle strength and patient-reported ADL abilities found in 
his study may be explained by the fact that isometric mea- 
urements represent maximum workload, which is not often 
arried out during daily tasks. 
Previous studies report a great variation in the post- 

econstruction effect on ROM with some studies observing 
o change or even an improvement in ROM for medial ro- 
ation, extension, and abduction 13 , 17-19 , and others report 
 decrease for the movements. 15 , 20 This study found no 
hange in ROM adding to the lack of consistency between 
OM finding following breast reconstruction surgery. The 
ariability in ROM from pre- to post-operative may be ex- 
lainable by the heterogeneity of procedures that precede 
he reconstruction. Patients undergoing radical mastectomy 
ith aggressive lymph-node dissection may have impaired 
OM ahead of breast reconstruction, which is loosened after 
he dissection, transposition, and insertion of the LD flap, 
hereas the patient with less invasive procedures prior to 
econstruction may have a different starting point. Further 
nvestigation of the changes in ROM following a breast re- 
onstruction surgery where participants are grouped based 
n the primary breast cancer surgery seems relevant. 9 

An interesting finding was the decrease in the number 
f participants with self-reported lymphedema following 
he reconstruction. Previously studies have reported similar 
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Table 3 Measurements of isometric shoulder strength, isokinetic shoulder strength, and ROM before and after LD breast recon- 
struction. 

Pre-operatively 3 months 
post-op 

12 months 
post-op 

Mean diff. pre vs 
12 mos (95%CI) 

P-value (pre vs 
12 mos) 

Change in shoulder strength 
Adduction, isometric , Nm/kg (SD) 36.0 (5.6) 29.0 (6.5) 29.8 (6.4) 6.2 (3.7;8.6) < 0.001 

Adduction, isokinetic , Nm/kg (SD) 
180 °/s 
240 °/s 
300 °/s 

19.2 (5.8) 
15.6 (5.8) 
11.4 (5.6) 

18.2 (3.5) 
14.0 (4.3) 
8.0 (5.2) 

18.4 (5.4) 
15.0 (5.0) 
10.9 (5.5) 

0.8 ( −1.9;3.8) 
0.6 ( −3.1;4.5) 
1.0 ( −2.6;4.6) 

0.5 
0.7 
0.6 

Extension, isometric , Nm/kg (SD) 34.1 (5.5) 27.1 (4.3) 26.8 (4.7) 7.3 (4.9;9.7) < 0.001 

Extension, isokinetic , Nm/kg (SD) 
180 °/s 
240 °/s 
300 °/s 

24.5 (6.6) 
22.7 (7.4) 
18.3 (7.1) 

21.9 (5.4) 
17.7 (4.8) 
14.3 (4.4) 

23.4 (4.5) 
20.3 (4.7) 
16.2 (4.4) 

1.1 ( −1.3;3.4) 
2.4 ( −0.5;5.2) 
2.0 ( −1.2;5.2) 

0.3 
0.1 
0.2 

Change in ROM 

Adduction/abduction, degrees (SD) 156 (14) 151 (18) 155 (20) 1.5 ( −10;13) 0.8 
Extension, degrees (SD) 52 (9) 49 (13) 49 (11) 3.3 ( −4;10) 0.3 
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hanges. 21 , 22 It is hypothesized, that the supply of healthy 
issue to the damaged region were the axillary lymph flow is 
indered, may aid the regeneration of lymphatic drainage. 22 

The increase in patients reporting sensory disturbances 
n the back, from three to eight patients, was not surpris- 
ng giving the dissection and transposition of the latissimus 
uscle and thoracodorsal nerve and cannot be ignored as 
n expected outcome after the procedure. 
Despite the lack of comparative studies examining 

he short-term complication rates following the TAP flap 
rocedure, it has become increasingly popular due to the 
uscle-sparing nature of the procedure. It is a reliable and 
ime-efficient procedure with a low rate of post-operative 
omplications. 23 In most cases, TAP reconstruction re- 
uires the addition of a foreign body in form of a mesh or 
cellular dermal matrix (ADM) to support the implant and 
rotect the perforator. ADM’s typically lead to increased 
rain-output and may promote prolonged hospitalization, 
f the patients are not able to be discharged with drains 23 ; 
hereas traditionally performed LD reconstruction may 
llow accelerated discharge within 1–3 days. 24 

Regarding functional donor-site morbidity, the TAP flap 
ppears to have some advantages over the LD flap. Rindom 

t al. found a significantly superior constant score for pa- 
ients undergoing TAP reconstruction compared to conven- 
ional LD reconstruction. Hamdi et al. demonstrated no de- 
rease in shoulder strength, measured by a handheld dy- 
amometer, after breast reconstruction with the TAP flap in 
2 patients, 25 which is contrary to most of the aforemen- 
ioned studies of the LD flap, although not surprising as the 
uscle is left intact while raising the TAP flap. 
Another approach to minimizing the surgical trauma fol- 

owing breast reconstruction with tissue from the back is the 
ntroduction of endoscopically or robotic-assisted LD breast 
econstruction. 26 , 27 These alternative approaches to con- 
entional open surgery provide the esthetic advantages of 
ess visible donor-site scars and possibly lower opioid re- 
uirements, but the drawbacks may be longer operative 
ime and higher seroma rate. 28 
2209
This study has some limitations, first, the number of par- 
icipants is low; a larger scaled study would increase the 
eneralizability of the results. Secondly, as this is a cohort 
tudy, we cannot say if the limitations and side-effects of 
his surgical procedure are more comprehensive than other 
urgical procedures such as the TAP flap. 

onclusion 

lthough a significant decrease in measurable isometric 
houlder strength was seen in this study (17% for adduc- 
ion and 21% for extension), breast reconstruction with an 
D flap does not seem to affect the patient’s ROM of the 
houlder or their subjective ability to perform ADL. Isoki- 
etic shoulder strength was unchanged in our study, which 
orresponds well with the patient’s reports of unchanged 
bility to perform ADL. 
The LD flap remains a reliable alternative for breast 

econstruction and is an excellent choice for salvage re- 
onstruction. Further investigation of the possible effects 
n lymphedema as well as the benefits and drawbacks of 
onventional LD reconstruction compared to the TAP flap 
r endoscopically/robotic-assisted procedures remain war- 
anted. 
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