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Background  
The purpose of this study is to compare the vascularized bone flaps (VBF) that are used in 
operations for scaphoid non-union in smokers and non-smokers and to scrutinize if the 
better biological potential of the VBFs can counteract the negative influence of smoking 
on healing. 

Materials and Methods    
Our study included articles published until 2016, with scaphoid non-union patients who 
were operated on with a VBF or a VBG. 

Results  
Eighteen articles met eligibility criteria with 335 non-smokers and 136 smokers totally. 
Healing of the scaphoid non-union was significantly more probable in the non-smoking 
group (OR=5.54, p<0.001). Patients with avascular necrosis in the proximal pole of the 
scaphoid (AVNPP) and non-AVNPP showed that non-smoking favors a better healing rate 
in both of these subgroups (p<0.001 and p<0.001, respectively). Non-smokers have 11 
times and the non-AVNPP patient’s 7.7 times greater probability of healing of the 
non-union. Meta-analysis of the data for time for healing showed a longer time in the 
smokers’ group by 2.46 weeks, though non-statistically significant. The analysis could 
not prove that smoking is a predisposing factor for the development of AVNPP 
(spearman=0.094, p<0.05). Despite that, preoperative smoking cessation proved to be an 
inadequate healing moderator (OR=3.5, p=0.268). Finally, VBFs showed a significantly 
better healing rate compared with nVBGs in smokers (p=0.001). 

Conclusions  
A hand surgeon should always take into consideration that smoking negatively influences 
the healing potential of a scaphoid non-union despite the theoretically superior 
biological background that VBFs offer. In patients who refuse to quit smoking, a VBF may 
be considered a better choice than a conventional graft. 
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INTRODUCTION 

Scaphoid fractures are well known for their difficulty to 
heal due to the interrupted blood supply of the bone that 
is coming mostly from distal to proximal.1 This vascularity 
pattern results in more proximal fractures being more 
prone to non-union and/or avascular necrosis of the proxi
mal pole (AVNPP).2–7 

Little et al. and Dinah et al. in two separate articles8,9 

proved that in patients operated for a scaphoid non-union 
with a non-vascularized bone graft (nVBG), the smokers 
had a worse healing outcome. Our study aims to scrutinize 
on the effect of smoking in patients with scaphoid non-
union that were operated on with a vascularized bone flap 
(VBF) instead. 
We hypothesize that the VBFs offer a better biological 

environment than the nVBGs that eliminates the negative 
healing impact of nicotine in the non-union site. Therefore, 
our main hypothesis is that smoking does not influence the 
healing outcome of the operation when a VBF is used. 

MATERIAL AND METHODS 
SEARCH STRATEGY AND SELECTION CRITERIA 

Using PubMed, we searched for articles in which scaphoid 
non-union patients were operated with a VBF or a nVBG. 
The search was done using the terms scaphoid 
pseudarthrosis, scaphoid nonunion/ non-union, graft, bone 
and smoking in various combinations. Publication date was 
until 31/12/2016. 

TYPES OF STUDIES 

The inclusion criteria were studies in English, Italian, Ger
man or French and articles with sufficient data on smoking 
patients. The exclusion criteria were: 1) review articles, let
ters and editorials, 2) studies with pediatric patients, 3) ar
ticles involving patients already reported in previous publi
cations and, 4) articles without smokers or with insufficient 
data on smokers if there were ones. In some cases, we man
aged to get some extra unpublished data on smoker pa
tients after personal communication with the authors.10–14 

TYPES OF AND INTERVENTIONS 

All types of VBFs and VBGs and methods of osteosynthesis 
used for scaphoid non-union were included whereas, stud
ies in which scaphoid non-union was treated with vessel 
implantation in the avascular proximal pole or aimed in re
construction of the proximal pole of the scaphoid were ex
cluded. 

TYPES OF PATIENTS 

We searched for articles with nVBG-treated smokers in or
der to compare their healing outcome with that of smokers 
that were treated with a VBF. One of those had some pa
tients treated with VBF and some others with nVBG.12 

Arora et al. and Tambe et al. in their studies published their 

results with VBF in patients with recalcitrant scaphoid non-
union previously operated twice with a conventional graft, 
involving 9 and 8 smokers respectively. We counted these 
smokers also in the nVBG group for their first operation, 
but not for the second with a nVBG. That is because a per
sistent scaphoid non-union after a failed operation with a 
nVBG is considered more difficult to heal with a second 
nVBG surgery.3,15 In that instance a VBF would be indi
cated as a second operation.16,17 

DATA EXTRACTION 

The data we extracted and used in our meta-analysis was 
the number of smokers and non-smokers in each article, 
the number of smokers that ceased smoking prior to the op
eration, the time between operation and healing confirma
tion, the healing rate, the number of patients with AVNPP 
and the healing outcome in this subgroup 

DATA ANALYSIS 

We measured the patients that quit smoking in the non-
smoking group for the postoperative calculations. In one 
article there were patients that had been treated with two 
different VBFs, and are shown in the calculations as 2 dif
ferent studies.11 

TYPES OF OUTCOME MEASURES 

The primary outcome of our meta-analysis was the compar
ison of the healing rate between non-smokers and smokers. 
The secondary outcomes of our meta-analysis were the 

following: 1) Is there a difference in healing rate for smok
ers and non-smokers in the subgroups of patients with and 
without AVNPP, 2) Can a predictive model assume the prob
ability of healing regarding smoking and AVNPP, 3) Is the 
time needed for consolidation of the non-union different 
between smokers and non-smokers, 4) Does smoking influ
ence the incidence of AVNPP, 5) Did the preoperative smok
ing cessation improve the healing potential on those pa
tients’ with scaphoid non-union and 6) Do smokers have 
better outcome with a VBF than with a nVBG? 

STATISTICAL ANALYSIS 

For the bivariate correlations we performed the Spearman 
correlation. We did a meta-analysis of the data to compare 
the healing rate between smokers and non-smokers as well 
as in the subgroups of patients with and without AVNPP. A 
binary logistic regression was done to produce a model that 
can predict the effect of smoking and AVNPP on healing. 
Regarding time for healing of the non-union, we conducted 
an analysis including only four studies in which we had sep
arate time for healing for each patient,10,12,14,18 and we did 
both a meta-analysis and a Mann-Whitney test. All the ORs 
were calculated using the Peto method due to the sparsity 
of the events.19 In order to find if preoperative smoking 
contributed to an improved outcome it was impossible to 
execute a normal meta-analysis because there was only one 
study in which there were patients that didn’t quit smok
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Figure 1. Flow chart of search process      

ing as advised. In this case we calculated Fisher’s exact test 
even if it is not as reliable method as an appropriate meta-
analysis. Chi-square analysis was done to compare the suc
cess of the operation in smokers when a VBF or a nVBG was 
used. Confidence interval was set at 95% for all the above 
statistical tests (p<0.05). 

RESULTS 
STUDY SELECTION 

The search returned 317 articles in total until the end of 
2016. We ended up with 21 articles8–14,18,20–32 (fig.1). 

STUDIES’ CHARACTERISTICS AND PATIENTS’ 
DEMOGRAPHICS 

We found four articles10,12,14,18 that had separate data for 
healing time of the non-union for smokers’ and non-smok
ers’ group (Table 1). In 5 articles12,20,22,27,28 the authors 
certified that 31 patients were advised to quit smoking. 
Only 4 of them continued smoking12 perioperatively, but 
only in 2 cases scaphoid healed eventually (Table 2). 
A number of 530 patients were analyzed of whom 471 

treated with VBF and 153 with nVBG. In the VBF group, 
335 were non-smokers and 136 smokers (Table 3). From the 
nVBG group we excluded non-smokers, leaving 59 patients. 
In this group we added also the smokers of the studies of 
Arora and Tambe as previously mentioned, ending up with 
76 patients. 

PRIMARY OUTCOMES 

Healing of the scaphoid non-union was significantly more 
probable in the non-smoking group (fig. 2, OR=5.54, 
p<0.001). Additionally, there was moderate negative corre
lation between healing rate and the percentage of smokers 
in each article (Spearman= -0.435, p=0.01). 

SECONDARY OUTCOMES 

The healing in the subgroups of patients with non-AVNPP 
and AVNPP showed that non-smoking favors better healing 
rate in both of these subgroups [Table 5, x2(1) =14.731, 
p<0.001 and Table 6, x2(1) =43.402, p<0.001, respectively], 
(fig. 3, OR= 42.54, p<0.001 for non-smokers and OR=9.99, 
p=0.002 for smokers). 
The binary logistic regression was performed to test the 

effect of smoking and presence of AVNPP on healing. Re
sults indicated that the 2-predictor model (smoking and 
AVNPP) provided a statistically significant improvement 
over the constant only-model, (x2(15) = 109.17, p<0.01). 
The Nagelkerke R2 indicated that the model accounted for 
50% of the total variance. The correct prediction rate was 
89.1%. The Wald test shows that both predictors signif
icantly predicted healing outcome. The sensitivity of the 
model was 96.9% and the specificity 49%. The positive pre
dictive value is 94% and the negative predictive value is 
75.7%. According to this model, the non-smokers have 11 
and the non-AVNPP patients 7.7 times greater probability 
for healing of the non-union. 
Meta-analysis of the data for time for healing showed 

longer time in smokers’ group by 2.46 weeks, though non-
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Table 1. Mean time for healing after the operation between smokers and non-smokers in weeks. The number of                 
patients is written in parenthesis      

Non-smokers Smokers 

Sotereanos et al. 8,7 (7) 16 (3) 

Chang et al. 14,4 (28) 21(6) 

Jessu et al. 11(10) 11,8 (12) 

Ribak et al. 9,58 (39) 12 (2) 

SUM 11,3 (84) 14,76 (23) 

Table 2. Articles in which patients were advised to cease smoking prior to operation and healing outcomes.                

Smokers advised to quit 
smoking 

Smokers that quit 
smoking 

Healed patients in the “quit smoking” 
group 

Malizos et al. 6 6 6 

Dailiana et al. 3 3 3 

Korobilias et 
al. 

3 3 3 

Arora et al. 9 9 4 

Ribak et al. 10 6 5 

Table 3. Number of patients in each article that were smokers and non-smokers            

Non-smokers Smokers 

Sotereanos et al. 7 6 

Jones et al.(1,2-ICSRA) 6 4 

Jones et al.(femoral) 7 5 

Malizos et al. 22 0 

Dailiana et al. 9 0 

Korompilias et al. 23 0 

Tambe et al. 3 8 

Dodds et al. 7 1 

Chang et al. 35 13 

Jessu et al. 13 17 

Waitayawinyu et al. 28 2 

Bertelli et al. 9 1 

Ribak et al. 42 4 

Kapoor et al. 22 12 

Arora et al. 21 0 

Hirche et al. 15 13 

Elgammal et al. 26 4 

Özalp et al. 23 35 

Sales et al. 9 11 

SUM 335 136 

statistically significant (mean difference=2.46, p=0.200) 
(fig. 4). 
Furthermore, the analysis could not prove that smoking 

is a predisposing factor for the development of AVNPP, 
[x2(1) =0.322, p=0.57 and Spearman=0.094, p<0.05]. 

Concerning the preoperative quitting of smoking, only 2 
of the 4 patients that continued smoking healed in compar
ison with the 77.8% healing rate in the smokers that quit 
smoking (Table 7). Despite that, preoperative smoking ces
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Table 4. Chi-square test on healing rate in smokers and non-smoker patients with a viable proximal scaphoid                
pole  

Non-AVNPP* healed Non-AVNPP non healed Healing rate (%) 

Non-smokers 101 3 97,1 

Smokers 22 7 75,9 

*Non-AVNPP: Non-avascular necrosis in the proximal pole of the scaphoid 

Figure 2. Meta-analysis plot for the healing outcome between smokers and non-smokers. Events represent the              
cases that were not healed      

Table 5. Chi-square test on healing rate in smokers and non-smoker patients with an avascular necrosis in the                 
proximal pole of the scaphoid.      

AVNPP* healed AVNPP non healed Healing rate (%) 

Non-smokers 118 20 85,5 

Smokers 8 21 27,6 

*AVNPP: Avascular necrosis in the proximal pole of the scaphoid 

Table 6. Chi-square test on patients presenting non-AVNPP or AVNPP in the smokers’ and non-smokers’ groups.               

Non-AVNPP* AVNPP** 

Smokers 29 29 

Non-smokers 117 138 

*Non-AVNPP: Non-avascular necrosis in the proximal pole of the scaphoid 
** AVNPP: Avascular necrosis in the proximal pole of the scaphoid 

sation proved to be inadequate healing moderator, albeit an 
OR=3.5 (Fisher’s exact test, p=0.268). 
In our last question, the VBFs showed significantly bet

ter healing rate compared with nVBGs on smokers (Table 
8), [x2(1)=10.176, p=0.001]. 

DISCUSSION 

Nicotine has a proved vasoconstrictor function. It reduces 
the blood flow to the tissues, and thus producing tissues 
with lower damage load threshold. In the healing process 
the insufficient blood supply that nicotine causes in the 
traumatized region decreases the cellular metabolism and 
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Figure 3. Meta-analysis plot for the healing outcome between patients with avascular necrosis of the proximal               
scaphoid pole (AVNPP) and those with viable proximal scaphoid pole (non-AVNPP), separate for non-smokers               
and smokers. Events represent the cases that were not healed.           

Figure 4. Meta-analysis plot for time between operation and healing of the scaphoid non-union in weeks,               
between smokers and non-smokers.     

the oxygen supply. Nicotine in vitro acts in a biphasic man
ner in the bone cell metabolism. At very low levels (0.01-10 
micromol/L) as in light smokers, it stimulates their metab
olism and on the other hand, it decreases it in levels as high 
as >1 mmol/L in heavy smokers.33–36 A recent study proved 
that smoking decreases the number of bone marrow prog

enitor cells which play key role in musculoskeletal heal
ing and regeneration.37 It is also known that smoking is 
a risk factor for osteoporosis38 and that it increases the 
incidence of postoperative complications after acute frac
ture management.39 Some studies focus on smoking effect 
in soft tissues, like rotator cuff,40,41 demonstrating that 
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Table 7. Fisher’s exact test for healing rate between smokers that quit smoking and those that continued                
smoking prior to the operation.      

Healed Non-healed % of healing 

Quit smoking 21 6 77,8 

Continued smoking 2 2 50 

Table 8. Chi-square test on the healing rate between smokers that were operated with a nVBG and those that                  
were operated with a VBF.      

Healed Non-healed Healing rate (%) 

Smokers/nVBG* 30 46 39.5 

Smokers/VBF** 80 48 62.5 

*nVBG: non-vascularized bone graft 
**VBF: vascularized bone flap 

smoking increases not only the risk for a rotator cuff tear 
but also the severity of the tear depending on the number 
of cigarettes per week. Other studies have focused on the 
incidence of nonunion after a fracture or arthrodesis in 
smokers42–45 showing that non-smoking favors higher con
solidation rate. 
The present study tries to scrutinize the theoretically 

better biological potential of the VBFs and if they can coun
teract the negative healing impact of smoking. Regarding 
the relationship between smoking and healing, our analysis 
on VBFs is definitely in accordance with previous papers 
that focused on VBGs.8,9 Litter et al. reports a relative risk 
of 3.7 for persistent non-union in smokers. Dinah et al. 
found almost the same relevant risk (3.4) for smokers 
against non-smokers. Both of them conducted these studies 
using nVBGs, assuming that using VBFs would mask any 
adverse effect of smoking on non-union healing, because 
they constitute a biologically more powerful graft and offer 
greater chance for revascularization of the avascular proxi
mal pole in case of AVNPP.46–48 Contrary to that belief, we 
found that smoking’s adverse effect is present even after a 
VBF operation with an overall OR of 5.54. 
The reduced healing potential was even more evident 

in patients with AVNPP showing a healing rate of only 
27.6%, when smoking and AVNPP are combined which can 
be attributed to the unfavorable biological conditions in the 
non-union site. The calculated model can predict the out
come by 89.1% and moreover, it showed that both smoking 
and AVNPP are related with worse results. 
Our study also proved that smoking is presented with 

a trend to delay the union. In this case however, there 
are several factors that can potentially influence the time 
for healing like patient’s age, the type of osteosynthesis 
and the postoperative immobilization period. Our analysis 
showed that smokers need 2.46 more weeks for healing but 
that difference wasn’t significant. Of the 4 articles we used 
for this calculation, in all but one, there was significant dif
ference in time for healing between the two groups. On the 
other hand, Hirche et al. reported similar time for healing 
between smokers and non-smokers and Elgammal et al. as 
well as Dodds et al. used a CT-scan protocol in standardized 

time intervals to confirm consolidation, thus the exact time 
of healing could not be estimated. Though previous articles 
have managed to show longer time for healing for smok
ers,42,49 we believe that this is valid also for scaphoid non-
unions and that our study didn’t achieve significant differ
ence because of the small number of patients with reported 
time for healing. 
Our study could not prove that smoking can influence 

the incidence of AVNPP. This result is further to be studied 
because we had no data for the most important factor that 
leads to AVNPP, which is the site of the fracture in the 
scaphoid bone in each patient.50 

Concerning smoking cessation preoperatively we could 
not presume safely its effect on consolidation process. Al
though 3 of the studies showed that these patients had 
their nonunions healed, Arora et al. reported that all the 
persistent nonunions in their study happened in the initial 
smoking group with all these patients having AVNPP. Ad
ditionally, Ribak et al. reported that from the 6 patients 
that quitted smoking only one had persistent nonunion but 
also had AVNPP. As we proved in our study, the presence 
of AVNPP is a synergic negative healing factor along with 
smoking. The two latter articles didn’t report how long be
fore the operation the patients quit smoking that’s why one 
can assume that maybe this period was not long enough to 
diminish the effect of smoking on healing. Generally, there 
are no conclusive studies or definitive guidelines on preop
erative smoking cessation.51 

Finally, we have shown that in the smoking population, 
the use of VBF for a scaphoid non-union has a significantly 
more favorable outcome with a healing rate of 62.5% 
against 39.5% for the nVBGs. That agrees with the assump
tion of Little et al. that theoretically, a VBF should be con
sidered for patients that cannot quit smoking.9 

This study is not devoid of limitations. We included stud
ies that were not originally prospective, randomized and 
blinded. There could have been patient selection bias influ
encing the results. Moreover, these studies did not report 
with many details on the patients’ separate characteristics, 
in our case the smoking status, the time needed for healing 
and AVNPP presence. In addition, we scrutinized first and 
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foremost the relation between smoking and healing effect 
of the non-unions not taking into account other factors 
that could play even more important role in the consolida
tion process or that can influence its duration, like the time 
interval between injury and operation, the type of VBF and 
the method of osteosynthesis.52 That’s why our produced 
model can’t predict fully the healing outcome even though 
its predictive value of 89,1% is acceptable. 

CONCLUSION 

This study reinforces the well-known negative bone healing 
impact of smoking and also withstands the belief that the 
better biological conditions that VBFs offer, are a panacea 
in these patients. They do however present better results 
than nVBGs. We suggest that the surgeon should always 
recommend smoking cessation and when that isn’t possi
ble, then smoking should be considered as an indication for 
the use of VBF instead of a conventional graft. 
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