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Sensory Recovery After Forearm Median and Ulnar Nerve Grafting

1.	 INTRODUCTION
Median and ulnar nerve injuries are 

common, whether isolated or combi-
ned injury of both nerve (1). Especially, 
ulnar nerve injuries give weaker functi-
onal recovery in relation to median and 
radial nerve injuries (2,3,4,5). Hand fun-
ction without sensation, especially in 
the combined injury of both nerve, is 
significantly reduced (6). Sensory end-
organs are less sensitive to denervation 
than motor end-organs. Recovery of pro-
tective sensibility is possible many years 
after nerve injury but the degree of fun-
ctional sensation preserved decreases 
with a delay in nerve repair longer than 
6 months (7). In complete lesions of pe-
ripheral nerve the best is primary recon-
struction (8). A nerve graft, if performed 
in a tensionless manner, has been shown 
to generally have better results than an 
end-to-end approximation performed 
under tension (9).

2.	 OBJECTIVES
The aim of this study is to analyze 

the long-term results of sensory reco-

very after secondary reconstruction me-
dian and ulnar nerve in the forearm by 
autograft in patients who were treated 
on Clinic for Plastic and Reconstructive 
Surgery in the period from January 1st 
1993 to December 31st  2005. Also, the 
purpose of this retrospective study was 
to determine the influences of the pati-
ents age, level of injury, the size of the 
graft and the period between the injury 
and operation on the late results.

3.	 PATIENTS AND METHODS
In study period from 1993 through 

2005, evaluation was performed in 55 
patients with adequate follow-up. The 
mean follow-up period was 3,9 years 
(range, 19 months to 9,6 years). The ave-
rage patient age was 30.4 years (range, 
from 6 to 74 years). There were 41 male 
patients and 14 female patients. Criteria 
for inclusion in the study was median 
and ulnar nerve grafting in the forearm 
region. Reconstruction were applied on 
the median nerve in 31 patients and ul-
nar nerve in 24 patients.  Patients were 
divided by age in two groups, below 25 

and over 25 years, by injury level in the 
distal and proximal forearm injuries, by 
the length of autograft up to 5 cm and 
other group with graft length over 5 cm, 
by the period between injury and ope-
ration in group with denervation time 
up to 6 months and the group with de-
nervation time over 6 months.  Rating 
of sensibility was presented on the Hi-
ghet Scale as modified by Dellon (Table 
1) (10). A more precise rating of sensibi-
lity was presented by Moberg for the au-
tonomous areas of the median and ulnar 
nerves (Table 2) (11).

S0 Absence of sensibility in the autonomous 
area

S1 Recovery of deep cutaneous pain 
sensibility within the autonomous area of 
the nerve

S2 Return of some degree of superficial 
cutaneous pain and tactile sensibility within 
the autonomous area of the nerve

S3 Return of superficial cutaneous pain 
and tactile sensibility throughout the 
autonomous area, with disappearance of 
any previous overresponse

S3+ Return of sensibility as in S3; in addition, 
there is some recovery of 2-point 
discrimination within the autonomous area 
(7-15 mm)

S4 Complete recovery (2-point discrimination, 
2-6 mm)

Table 1. Highet’s method of end result evaluation 
as modified by Dellon et all (10)

Grade Distance
Good <12 mm
Fair 12-15 mm
Poor 16-20 mm
Bad >20 mm

Table 2. Moberg’s rating scale of sensibility 
– median and ulnar sensibility two-point    
discrimination distance (11)

The analysis applied to those varia-
bles are non-parametric statistics. Cal-
culation of frequencies and percentual 
values was performed for all included 
variables. For establishment of differen-
ces between the frequencies the χ2 – test 
was used (Chi square test) at the level of 
statistical importance (p<0,05) with con-
tingency tables .

4.	 RESULTS
We analyzed the results of recon-

struction of median and ulnar nerves 
with respect to factors affecting functi-
onally the result of operation, which are 
age, injury level, graft length and dener-
vation time. The results were evaluated 
using the Highet Scale as modified by 
Dellon and Moberg’s rating scale of sen-
sibility for the autonomous areas of the 
median and ulnar nerves. Regarding age, 
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our patients were divided in two groups 
(<25 years, 22 patients and >25 years, 33 
patients). In the first group in three pa-
tients (14%) was achieved S4 sensory re-
covery, S3+ in 8 patients (36%), S3 in 5 
patients (23%) and S2 in 6 (27%) of pa-
tients. In this group we did not have S0 
and S1 sensory recovery. In the age group 
over 25 years sensory recovery of S4 was 
obtained in 2 (6%), S3+ in 7 (21%), S3 in 
8 (24%), S2 in 13 (40%) and S1 in 3 pati-
ents (9%). There was not statistically si-
gnificant difference in those age groups 
(p = 0.340). 

As shown in table 3, in the group of 
distal forearm injuries we had 41 pati-
ents. In 3 patients (7%) was achived S4 
sensory recovery, S3+ in 11 (27%) as well 
as in S3, S2 in 14 (34%) and S1 in 2 (5%) 
patients. In the group of proximal fore-
arm injuries we had 14 patients. In 2 pa-
tients (14%) was achived S4 sensory re-

covery as well as in S3, S3+ in 4 (28%), 
S2 in 5 (36%) and S1 in 1 (7%) patients. 
There was not statistically significant di-
fference in sensory recovery in those gro-
ups (chi-square = 1.37 ; df = 4; p = 0.849).

By the length of the autograft we 
made two groups, one with up to 5 cm 

of graft length with 25 patients, and ot-
her group with graft length over 5 cm 
with 30 patients. In the first group in 4 
patients (16%) was achieved S4 sensory 
recovery, S3+ in 10 patients (40%), S3 in 
7 patients (28%) and S2 in 4 (16%) of pa-
tients. In this group we did not have S0 
and S1 sensory recovery. In the group 
with graft length over 5 cm sensory re-
covery of S4 was obtained in 1 (3%), S3+ 
in 5 (17%), S3 in 6 (20%), S2 in 15 (50%) 
and S1 in 3 patients (10%) (table 3). The 
results were significantly better in short 
grafts than in long ones (chi-square = 
12.6; df = 4; p = 0.014).

By the period between the injury and 
operation we also had a two groups, one 
with denervation time up to 6 months 
with 36 patients, and the other group 
with denervation time over 6 months 
with 19 patients. In the first group 4 pa-
tients (11%) had S4 sensory recovery, S3+ 
had 13 patients (36%), S3 had 10 patients 
(28%), S2 had 8 (22%) patients and S1 had 
1 (3%) patient. In the group with dener-
vation time over 6 months sensory re-
covery of S4 was obtained in 1 (5%), S3+ 
in 2 (10,5%), S3 in 3 (16%), S2 in 11 (58%) 
and S1 in 2 patients (10,5%). Sensory re-
covery was significantly better in pati-
ents who had undergone surgical repair 
within 6 months (chi-square = 10; 2 df 
= 4; p = 0.038), compared with patients 
who underwent reconstruction later 
than 6 months.

We had 31 patients with median 
nerve grafting and we achieved sensory 

recovery S4 in 3 (10%) patients, S3+ in 9 
(29%) patients, S3 in 8 (25,5%) patients, 
S2 in 9 (29%) patients and S2 in 2 (6,5%) 
patients. We had 24 patients with ulnar 
nerve grafting and we achieved S4 sen-
sory recovery in 2 (8,5%) patients, S3+ in 
6 (25%) patients, S3 in 5 (21%) patients, 

S2 in 10 (41%) patients 
and S2 in 1 (4%) pati-
ent. We did not have 
S0 sensory recovery in 
either case of median 
and ulnar nerve graf-
ting (Table 4). There 

was not significant difference in sen-
sory recovery of both nerves (chi-squ-
are = 1.00 ; df = 4; p = 0.909).

By Moberg’s rating scale of sensibi-
lity in the patients with median nerve 
grafting we had a good results in 8 (26%) 
patients, fair in 4 (13%), poor in 17 (55%) 
and bad in 2 (6%) patients. In the pati-
ents with ulnar nerve grafting we had a 
good results in 5 (21%) patients, fair in 
3 (13%), poor in 15 (62%) and bad in 1 
(4%) patient (Table 5). There was not si-
gnificant difference in sensory recovery 
of median and ulnar nerve (chi-square 
= 0.409; df = 3; p = 0.938).

Grade Bad Poor Fair Good
Median 
nerve

2 
(6%)

17 
(55%)

4 
(13%)

8 
(26%)

Ulnar 
nerve

1 
(4%)

15 
(62%)

3 
(13%)

5 
(21%)

Table 5. Sensory recovery after complete median 
and ulnar nerve grafting classified by Moberg’s 
rating scale (11)

Regarding mechanism of injury, we 
had an explosive injuries in 17 (31%) pa-
tients, machines in 12 (22%)  patients and 
electricity in 4 (7%)  patients. Sharp inju-
ries with knife was present in 10 (18%) 
patients and glass in 12 (22%) of patients 
(Figure 1.).

5.	 DISCUSSION
In our study we didǹ t found signi-

ficant difference in sensory recovery af-
ter median and ulnar nerve grafting. Ge-
nerally, it is accepted that ulnar nerve 
injuries result in poorer motor function 
than median nerve injuries (2,3,5,12). 

No significant difference 
was found in many large 
studies between median 
and ulnar nerve injuries 
regarding sensory reco-
very (4,5,13). We used 
Moberg’s rating scale of 
sensibility for more pre-
cise rating of sensibility 
for the autonomous areas 

of median and ulnar nerves with two-
point discrimination distance (11). In 
Highet̀ s rating scale and British Medi-
cal research Council two point discrimi-
nation is present only in S3+ and S4 le-
vel of sensory recovery (10,14). Sensibi-
lity system adopted by British Research 
Council and Highet̀ s scale are inadequ-
ate for full sensibility rating. Our opinion 
is that there should be additional ratings 
between S3+ and S4. When evaluating 
nerve function during postoperative 
follow-up it is imperative to know the 
sequence of recovery. Using Moberg̀ s ra-
ting scale we wanted to show more pre-
cise rating of sensory recovery for the 
autonomous areas of median and ulnar 
nerves. The evaluation of touch includes 
perception of touch and pressure. The 
two-point discrimination (2PD) is medi-
ated by slowly-adapting nerve fibres that 
indicate the perception of touch and pre-
ssure (6). Tactile gnosis, initially descri-
bed by Moberg in 1958 as the capability 
of the hand to recognize the character 
of objects, is a prime marker of  functi-
onal  recovery  and  should  be  included  
in  any  testing model (15).

Sensory 
recovery

Age Injury level Graft  lenght Denervation time 
< 25

(mean 
21,3 years)

>25
(mean 42,1 

years)

Distal 
forearm

Proximal 
forearm

< 5 cm
(mean 3,9 

cm)

>5 cm
(mean 

7,5 cm)

< 6 months
(mean 4,3 
months)

> 6 months
(mean 10,7 

months)
S0 - - - - - - - -
S1 - 3 (9%) 2 (5%) 1 (7%) - 3 (10%) 1 (3%) 2 (10,5%)
S2 6 (27%) 13 (40%) 14 (34%) 5 (36%) 4 (16%) 15 (50%) 8 (22%) 11 (58%)
S3 5 (23%) 8 (24%) 11 (27%) 2 (14%) 7 (28%) 6 (20%) 10 (28%) 3 (16%)

S3+ 8 (36%) 7 (21%) 11 (27%) 4 (28%) 10 (40%) 5 (17%) 13 (36%) 2 (10,5%)
S4 3 (14%) 2 (6%) 3 (7%) 2 (14%) 4 (16%) 1 (3%) 4 (11%) 1 (5%)

Total 22 33 41 14 25 30 36 19
Table 3. Sensory recovery (percentage of patients) after complete median and ulnar nerve transection classified by Highet 
Scale S0-S4 (10)

Grade S0 S1 S2 S3 S3+ S4
Median 
nerve

- 2 
(6,5%)

9 
(29%)

8 
(25,5%)

9 (29%) 3 
(10%)

Ulnar 
nerve

- 1 
(4%)

10 
(41%)

5
(21%)

6
(25%)

2 
(8,5%)

Table 4. Sensory recovery after complete median and ulnar nerve grafting 
classified by Highet Scale (10)
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Figure 1. Mechanism of injury

Many factors, such a patient age, le-
vel of injury, the size of the graft and the 
period between the injury and operation, 
have been claimed to influence the pro-
gnosis following nerve repair (4,5). The 
mechanism of injury impacted on the re-
sults (5). In our study we had an explosive 
injuries in 31% patients, machines in 22% 
of patients and electricity in 7% of pati-
ents. Such injuries were extensive with 
poorly vascularised surrounding tissue 
and larger nerve defects. Sharp injuries 
with knife in 18% of patients and glass 
in 22% of patients were with minimal 
nerve defect. Most of repairs in those 
injuries were performed within 6 mon-
ths, in 19 patients, and better results 
were obtained. 

It is accepted that nerve recovery 
in younger patients is better than in 
older patients. Younger patients have 
better nerve regrowth and greater ne-
ural plasticity (4). Some authors repor-
ted that better functional recovery can 
be expected in children younger than 13 
years (16). In our research patients yo-
unger than 25 years had slightly better 
results, but not significantly better. The 
reason for such a results we could found 
in fact that we had only 5 patients youn-
ger than 15 years, and in 4 of them injury 
was made by glass or knife. The other 
patients mostly were with nerve recon-
struction after war injuries and extensive 
injuries. Those injuries made by shra-
pnel, bullet and machine, were exten-
sive with poorly vascularised surroun-
ding tissue. We had 13 patients with such 
extensive injuries aged 15 to 25 years.

There was not significant difference 
in the nerve reconstruction by the injury 
level. Results were similar in both gro-
ups. High median and ulnar nerve lesi-
ons were reported by other authors to 
have a very poor prognosis (4,5,17,18). 
The reason for such results we can fo-
und in fact that we analyzed isolated 
injuries of the proximal and distal fore-
arm, but not the upper arm. Proximal 
ulnar and median nerve injuries, speci-

ally in the upper arm, are distant from 
motor endplates and sensory receptors, 
and regenerating fibers have to elongate 
for a greater distance to reach targets in 
the hand (17). Most of the injuries were 
extensive, made by explosion, electricity 
and machines that extensively destroy 
tissue (60% of injuries) (Figure 1.). Such 
injuries required extended graft length, 
and often were with greater denervation 
time than 6 months. The group of distal 
forearm injuries was larger, with 41 of 
patients. Most of them, 25 patients, had 
nerve defect larger than 5 cm, and 29 pa-
tients from this group were operated  af-
ter six months from the injury.

We had significantly better results in 
the patients in which the autograft len-
gth was up to 5 cm, and in patients who 
were operated  within six months from 
the injury. This fact is confirmed in stu-
dies by other authors (1,2,4,5,12,19,20). 
Functional recovery after graft pla-
cement depends on the severity of 
injury and therefore on the graft length 
(5,12,19,20). We found that worse results 
correlated with increased graft length 
and with denervation time over 6 mon-
ths, like other authors (12,16,17,19,20). 
Therefore, our results are in correla-
tion with the results of other authors 
(1,4,12,13,16,17,18,19,20).

6.	 CONCLUSION
The graft length and denervation 

time significantly influenced the functi-
onal outcome in sensory recovery. Me-
chanism of injury impacted on the re-
sults. Better results were in the patients 
in which the autograft length was up to 
5 cm, and in patients who were opera-
ted  within six months from the injury. 
There was not significant difference in 
sensory recovery of median and ulnar 
nerves. Two point discrimination  te-
sting  using  a  paperclip  is  a  cheap, 
easily and quickly performed  reprodu-
cible  test of  tactile gnosis, and should 
be included in nerve assessment proto-
cols. There should be additional ratings 
between S3+ and S4 in British Research 
Council scale and Highet`s scale for 
more precise rating of sensory recovery. 
When evaluating nerve function during 
postoperative follow-up it is imperative 
to know the sequence of recovery. The-
refore, we recommended using Moberg̀ s 
rating scale for further research. With 
these scales and tests it is possible for 
physicians who evaluate nerve repairs 
to assess functional recovery.
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